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ANTHRAX  INCIDENCE  IN  WORLD  (MORBIDITY  RATE  IN  FOREIGN  COUNTRIES) 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  (manuscript  received  15  Feb  83)  pp  3-7 

[Article  by  B.  L.  Cherkasskiy,  Central  Epidemiology  Scientific  Research 
Institute  of  the  USSR  Ministry  of  Health,  Moscow] 


[Text]  The  scientific  literature  contains  descriptions  of  the  incidence  of 
anthrax  in  the  world  for  1944-1954  [15],  1950-1952  [4],  1951-1956  [1],  1959-1961  [12], 
1955-1964  [2],  and  1961-1970  [3].  In  the  present  work  we  wish  to  discuss  the 
incidence  of  anthrax  in  the  world  over  the  past  decade  (1971-1980)  and  to  offer 
a  brief  epidemiological  description  of  this  infection  on  various  continents. 


It  is  difficult  to  evaluate  the  incidence  of  anthrax  in  the  world  using  only 
official  data  from  WHO  [World  Health  Organization]  because  the  data  are 
incomplete  and  many  countries  submit  information  on  an  irregular  basis. 
Nonetheless,  WHO  data  and  the  literature  available  to  us  allow  us  to  describe 
the  basic  trends  in  the  dynamics  of  morbidity  and  several  epidemiological 
peculiarities  of  the  infection  in  various  parts  of  the  world. 


It  should  be  pointed  out  right  away  that  in  the  majority  of  countries  that  have 
had  the  most  trouble  with  anthrax  a  mass  vaccination  campaign  among  livestock 
is  being  carried  out  now  against  this  infection,  while  humans  are  not,  as  a 
rule,  immunized  because  there  are  no  effective  medical  vaccines. 


In  European  countries  the  relative  incidence  of  anthrax  among  humans  increases 
as  one  moves  from  north  to  south  (table  1).  There  is  either  no  incidence,  or 
only  sporadic  recording  of  the  disease  in  Northern  European  countries  that  are 
above  50°  north  latitude  (the  Scandinavian  states,  Great  Britain,  Iceland, 
Denmark,  etc.)  Incidence  of  the  infection  is  recorded  sporadically , ^but  more 
frequently,  in  Central  European  countries  located  between  45°  and  50  north 
latitude  (the  FRG,  GDR,  Hungary,  Czechoslovakia,  etc.)  There  is  a  higher 
morbidity  recorded  every  year  in  Southern  European  countries  located  further 
south  than  50°  north  latitude  (Greece,  Spain,  Italy,  Portugal,  Romania, 
Yugoslavia,  etc.)  In  spite  of  the  fact  that  in  the  last  decade  as  a  result  of 
mass  vaccination  there  was  a  significant  decrease  in  the  incidence  of  anthrax 
among  humans  in  the  majority  of  European  countries,  it  maintained  its  previous 
geograpical  distribution:  the  maximum  incidence  was  recorded  in  Southern 
Europe  and  the  minimum  incidence  was  recorded  in  Northern  Europe. 
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Table  1.  Incidence  of  anthrax 
and  1977  (based  on  WHO  data) 


among  humans  in  European  countries  between  1967 


.  Country 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

Abctphh  (  1  ) 

2 

1 

2 

1 

Bejibrna  l2j 

4 

1 

39 

3 

8 

4 

1 

49 

5 

2 

5 

1 

28 ' 

4 

1 

4 

— 

1 

26 

4 

— 

— 

BcwirapHH  (  3 )  ,  x 

Ahivihh  h  Yajibc  (  4  J 
CeBepHan  HpjiaimHH  f1 2 3 4 5 * * 8 9 10 11 
UIOT^aH^Hfl  f  6  ) 
BeHrpHs  f  7  T 

tap  (81 

59 

.n19 

>>? 

10 

57 

9 

1 

27 

36 

4 

1 

10 

2 

126 

1 

6 

1 

3 

43 

198 

74 

33 

2 

3 

4' 

23 

4 

4 

1 

21 

opr  (al 

TpeijHs  f  j  0)  v 
HcriaHna  (  T  1  ) 

HTaJIHH  (12) 
HopBerHHL  1  3) 

8 

118 

316 

143 

1 

3 

102 

350 

153 

3 

93 

311 

108 

2 

95 

284 

78 

6 

56 

198 

83 

3 

43 

220 

75 

4 

55 

232 

69 

6 

99  j 
251 

60 

4 

2 

59 

216 

1 

3 

69 

riojibiua  (14*1 
FIopTyra^Ksf  15  ) 

PyMbIHHH  (  lb) 
OHHJIHHflHflf  T?  ) 
OpaHUHB  (  1  8) 

5 

29 

132 

10 

37 

150 

3 

7 

133 

3 

10 

94 

11 

10 

95 

4 

8 

119 

3 

3 

131 

4 

3 

96 

86 

9 

43 

ib 

36 

4 

1 

o 

1 

■ 

— 

— 

— 

— 

HexocrtoBaKHH  (  1  9  ) 

8 

7 

o 

1 

3 

1 

*1 

1 

IIlBeHUapHfl  (20  J 

*1 

1 

— 

HlBeUHH  (2  lj[  ' 

1 

— 

lOrocaaBHH  (  22  ) 

153 

130 

105 

84 

85 

56 

57 

• 

• 

Note:  Here  and  in  tables  2-4  the  symbol  -  indicates  that  there  was  no 
incidence  of  the  disease;  the  symbol  .  indicates  that  no  data  were  available 


Key: 


1.  Austria 

2.  Belgium 

3.  Bulgaria 

4.  England  and  Wales 

5.  Northern  Ireland 

6*  Scotland 

7 •  Hungary 

8.  GDR 

9.  FRG 

10.  Greece 

11.  Spain 


12.  Italy 

13.  Norway 

14.  Poland 

15.  Portugal 

16.  Romania 

17.  Finland 

18.  France 

19.  Czechoslovakia 

20.  Switzerland 

21.  Sweden 

22.  Yugoslavia 


In  our  opinion,  these  differences  are  determined  by  a  complicated  set  of 

Jh!lt0rS!K  the  prima7  development  of  pasture  livestock  breeding  has  occurred  in 
e  southern  part  of  the  continent  m  combination  with  soil  and  climatic 
conditions  that  are  favorable  for  preserving  the  infectious  agent  in  the 
external  environment;  this  is  in  addition  to  the  relatively  low  level  of 
economic  and  cultural  development  and  organization  of  veterinary  and  sanitary 

maasures  ln  Southern  European  capitalist  countries  compared  to  that 
m  Northern  European  countries.  F 


similar  natural  and  geographic  conditions,  the  differences  in  the  level 
rate  of  decline  in  the  incidence  of  anthrax  among  humans  are  determined  by 
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social  and  economic  factors,  which  can  be  graphically  illustrated  by  comparing 
the  situations  in  Greece  and  Bulgaria.  As  a  result  of  mass  immunization  of 
livestock  in  both  these  countries,  there  was  a  signficant  decline  in  the 
incidence  of  anthrax  among  humans:  in  Greece  the  average  incidence  of  the 
disease  in  1975-1980  was  33,  which  was  about  one-fourth  the  average  incidence 
recorded  for  1960-1965.  In  Bulgaria,  the  annual  incidence  dropped  from  219  to 
27  cases,  which  represents  a  decrease  to  about  one-eighth  the  previous  level. 
The  more  rapid  decline  in  the  incidence  of  the  disease  in  Bulgaria,  in  addition 
to  the  vaccination  of  the  livestock,  was  accompanied  by  the  creation  of 
agro-industrial  complexes,  keeping  livestock  in  stalls,  and  utilization  of 
pastures  not  favorable  for  sowing  grain  crops. 

In  different  parts  of  the  European  continent  anthrax  is  characterized  by 
certain  epidemiological  features.  In  Southern  European  countries  humans  are 
infected  primarily  through  direct  contact  with  infected  animals  in  the  process 
of  tending  them,  slaughtering  them,  cutting  up  carcasses,  and  skinning  them; 
while  in  Northern  and  Central  European  countries  the  infection  of  humans  is 
primarily  occupational  in  nature  and  is  tied  to  livestock  products,  mainly 
those  imported  from  countries  of  Asia,  Africa,  and  South  America  that  have 
particular  problems  with  this  disease.  The  most  common  factor  for  the  spread 
of  the  infectious  agent  in  these  cases  is  the  animal  hides,  as  well  as 
artificial  livestock  feed  that  contains  bone,  meat  and  blood  meal.  Cases  of 
humans  being  infected  by  imported  meat  and  bone  meal  have  been  reported  a 
number  of  times  in  Great  Britain  [7,  9],  when  the  meal  was  imported  from 
Lebanon,  Pakistan,  and  Argentina;  such  cases  have  also  been  reported  in  Belgium 
[8]  and  other  European  countries.  In  Dunkirk  (France)  four  cases  were  reported 
in  which  port  workers  who  unloaded  a  commercial  vessel  carrying  infected  bone 
meal  from  India  were  stricken  with  the  disease  [10]. 

On  the  American  continent  the  most  infected  countries  are  countries  in  South 
America  with  intensive  animal  husbandry:  Chile,  Uruguay,  Paraguay,  Argentina, 
Peru,  and  El  Salvador  (table  2).  Haiti  and  Guatemala  are  the  Central  American 
countries  with  the  worst  incidence  of  anthrax. 

In  countries  of  South  and  Central  America  livestock  that  has  not  been 
inoculated  becomes  infected  with  the  disease  in  contaminated  pastures  and 
humans  become  infected  with  anthrax  through  direct  contact  with  infected 
animals.  This  type  of  morbidity  is  also  characteristic  of  Mexico. 

In  Canada  and  the  United  States  there  is  immunization  of  livestock  but  there 
are  still  outbreaks  of  anthrax  among  agricultural  animals  recorded  in  various 
years.  For  example,  in  the  southeast  part  of  the  state  of  Louisiana  in  1971 
anthrax  was  responsible  for  the  death  of  636  cows,  31  horses,  and  33  other 
animals  [11];  in  June  and  July  of  1974  in  Falls  County,  Texas,  26  herds  were 
stricken  with  anthrax.  Cases  of  anthrax  among  humans  occur  only  sporadically 
(between  1967  and  1978  2-6  cases  per  year  were  reported  in  the  United  States) 
and  these  cases  involve  primarily  industrial  workers  who  have  been  contaminated 
by  imported  raw  materials  of  animal  origin.  Of  the  6  cases  of  anthrax  in 
humans  reported  in  the  United  States  in  1978,  4  (2  in  North  Carolina  and  2  in 
New  Hampshire)  occurred  at  textile  and  felt  plants  [6]. 
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u>A76  1\  1I77  *”cld®nce  of  anthrax  among  humans  in  American  countries  between 
1967  and  1977  (based  on  WHO  data) 


CTpaHa 

Country 


1967  1968  1969  1970  1971  1972  1973  1974  1975  1976  1977 


ApreHTHHa  L  1 
BeHecyajia  f  2 
PaHTH  (  3  } 
TBaTeMajia.  (  4- 
KaHa^a  C  5  J 

Ko;iyM6H5iC  6 } 

MeKCHKa  f  7  J 

PlaHaMa  8  j 
riaparBaft  Q  3 
nepy  (  0  1 
rfyapTo-pHKO  [11 

cSBTfc  y** 

ypyraaftfU) 

Mhjih  (  1  $  ; 


66  200 


64  i  20 
2  2 


57  106 


34  20 

2  5 

22  27 

86  90 


89  111 
II  - 


20  35 

5  1 


1.  Argentina 
2 •  Venezuela 

3.  Haiti 

4.  Guatelmala 

5.  Canada 

6.  Columbia 

7.  Mexico 

8.  Panama 


9.  Paraguay 

10.  Peru 

11.  Puerto  Rico 

12.  El  Salavdor 

13.  United  States 

14.  Uruguay 

15.  Chile 


Data  on  anthrax  m  Asia  is  incomplete,  since  there  is  no  information  on  the 

incidence  of  anthrax  among  the  populations  of  large  and  densely  populated 

coun  ries  such  as  China  and  India.  The  data  that  are  available,  however,  allow 

us  o  presume  that  the  situation  in  these  countries  with  respect  to  anthrax  is 

sTlt  hat\  ^cc°Tdln8  to  data  we  obtained  from  the  regional  bureau  of  WHO  for 

1979-1980  t?73  NT  Deihl>  ^ndia)j  in  the  state  of  West  Bengal  alone  in 
1979  1980  127  outbreaks  of  anthrax  among  cattle  were  reported;  831  animals  were 

s  sicken  with  the  disease,  479  of  which  died.  One  can  assume  that  these  cases 

must  have  been  accompanied  by  illness  among  humans  as  well.  In  other  Asian 

countries  that  submit  information  to  WHO,  a  shortage  of  medical  personnel  means 

that  only  a  small  number  of  the  actual  cases  of  illness  are  reported. 

According  to  WHO  data  (table  3),  the  highest  number  of  cases  of  anthrax  among 
humans  is  seen  in  countries  with  developed  livestock  breeding  that  lack  an 
economic  base  and  adequately  developed  veterinary  services  that  are  needed  to 
organize  mass  vaccination  of  livestock.  We  are  referring  primarily  to  Iran, 
Iraq,  and  Turkey  (although  over  the  past  10  years  the  incidence  of  disease  in 
raq  and  Turkey  has  declined  significantly  in  comparison  with  previous 
ecades).  Isolated  cases  of  illness  in  humans  are  reported  in  the  majority  of 
countries  in  the  Middle  East.  Judging  from  data  in  the  literature,  a  similar 
situation  exists  on  the  Indochinese  peninsula  and  in  Japan. 
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Table  3.  The  incidence  of  anthrax  among  humans  in  Asian  countries  between  1967 
and  1977  (based  on  WHO  data) 


CTpaHa 

Hmintrv 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975  1 

1976 

1977 

BnpMa  (  1  ) 

. 

! 

|  156 

. 

H3paH^b  (/] 

— . 

1 

— 

1 

— ' 

1 

!  — 

— 

HHA0He3HH  (  3  ) 

. 

,  • 

91 

Hop,naHHfl  f  4  ) 

HpaK  (  5  J 

106 

116 

1 

83 

89 

,1 

142 

102 

134 

155 

224 

2& 

249 

HpaH  (  6  j  , 

1406 

1677 

1227 

1397 

949 

721 

1  586 

681 

579 

• 

* 

KyBeiny  f  J  ) 

. 

. 

— 

— 

* 

JlHBaH  (  8  J 

*2 

1 

— 

— 

— 

— 

CayAOBCKaa  ApaBHH 
CnpHH  (10) 

(9 

>•. 

6 

*3 

7 

;  9 

*4 

17 

2 

6 

7 

1 

TaH^aH,n  L  1  1  J 

i  9 

1° 

20 

24 

19 

TypuHH  (121. 

1159 

794 

849 

919 

893 

!  697 

526 

503 

305 

OH^nnnHHbi  (  1  3  J 

14 

63 

24 

38 

13 

33 

III pn  JIaHKa  f  1  4  ) 

35 

— 

— 

flnoHHH  (15) 

4 

*1 

3 

2 

1 

3 

3. 

1 .  Burma 

2.  Israel 

3.  Indonesia 

4.  Jordan 

5.  Iraq 

6.  Iran 

7.  Kuwait 

8.  Lebanon 

The  primary  path  of  infection  for  humans  in  Asian  countries  is  contact  with 
animals  infected  with  anthrax  in  the  process  of  tending  them  and  in  cutting  up 
carcasses.  Cases  of  illness  are  reported  primarily  among  livestock  workers  and 
members  of  their  families  [5]. 


9.  Saudi  Arabia 

10.  Syria 

11.  Thailand 

12.  Turkey 

13.  Philippines 

14.  Sri  Lanka 

15.  Japan 


In  African  countries  (table  4)  the  highest  number  of  cases  of  this  disease 
among  humans  is  reported  in  Upper  Volta,  Kenya,  Ethiopia,  Tanzania,  Angola, 
Mali,  and  Uganda.  In  addition  to  those  countries  that  report  to  WHO  on  the 
incidence  of  anthrax  among  humans,  data  in  the  literature  offers  evidence  of 
the  presence  of  the  disease  in  Senegal,  Morocco,  Zimbabwe,  and  other  countries 
[13,  14,  16,  17].  In  light  of  this,  we  can  assume  that  anthrax  is  much  more 
widespread  on  the  African  continent  than  the  official  reports  to  WHO  would 
indicate. 


As  a  result  of  regular  immunization  of  livestock,  the  incidence  of  the  disease 
among  animals  as  well  as  humans  has  declined  significantly  in  a  number  of 
African  countries.  In  Kenya,  for  example,  between  1957  and  1966  there  were 
700-1000  cases  of  humans  infected  with  the  disease  reported  annually;  in  the 
last  decade  this  number  has  not  usually  exceeded  200-300;  a  similar  situation 
has  developed  in  other  African  countries  as  well. 
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1967  and  1977  (based"™  WHO^ata)*  am°ng  humanS  ln  African  countries  between 


CTpana 

Country 

AHrojia  (  1  ) 

BypyH^H  (2) 

BepxHHH  Bo;ibTa  (3)  I 
raHa  (  4.  ) 

TBHHeH  f  5) 

ErHneT.  f  h  ) 
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3aM6HH  fg) 

KeHHH  fQj 
JThbhh  (  f  6  ) 
Ma^aracKap  Y  T]} 
MaBpHTaHH^I  (a  2) 
-MaBpHKHHL  1  3  3 
Ma;iaBH  M  A  J 

Mann  (  1  5  I 

HnrepHn  (lb) 

PyaH^a  (  7  7 j 

CBa3HJieH,n  f  1  8  ) 

?Heru/iwJ 

CyAaH  (^0; 

TaH3aHHH  (  21  ) 

Toro  (?9)  7 

yraH^JL23) 

Has  (24K 
3(J)H0nHH  (  25  ) 
IOAP  (26)  ; 


1967  1968  1969 


1.  Angola 

2.  Burundi 

3.  Upper  Volta 

4.  Ghana 

5.  Guinea 

6.  Egypt 
7*  Zaire 

8.  Zambia 

9.  Kenya 
10*  Libya 

11.  Madagascar 

12.  Mauritania 

13.  Mauritius 


14.  Malawi 

15.  Mali 

16.  Nigeria 

17.  Rwanda 

18.  Swaziland 

19.  Senegal 

20.  Sudan 

21.  Tanzania 

22.  Togo 

23.  Uganda 

24.  Chad 

25.  Ethiopia 

26.  South  Africa 


ILTJT-  °f/TUre,  livestock  deeding,  there  are  often  epizootics  of  anthrax 

?Hfr  cTarelnfecterthr^'h0.-'116  diS6aSe  ^  the  n°madic  herders*  Humans 

in  thl  nrll!e  f  ^  through  direct  contact  with  diseased  animals,  as  well  as 
f  *88  ?f  skinning  animals,  cutting  up  carcasses,  handling  raw 

haJ?18  Kf  animal  ori8ln  and  meat  from  diseased  animals;  cases  of  infection 

5a  s°  b^n  f en  that  ara  the  result  of  using  brushes  iade  of  bristles  and 
bites  from  blood-sucking  arthropods  [13]. 

The  data  presented  by  Sirol  et  al'.  [16]  cast  some  doubt  in  this  regard- 

with^th  t0  t>IeSe  in  the  majority  of  22  cases  of  humans  infected 

anthrax  observed  by  the  authors  in  Upper  Volta  in  1972,  using  meat  from 
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diseased  animals  in  food  products  was  cited  as  the  reason  for  the  infection. 
Apparently,  it  is  more  likely  that  the  infection  occurred  not  as  a  result  of 
using  the  meat  as  food,  but  as  a  result  of  cutting  up  the  carcasses.  Evidence 
of  this  can  be  found  in  the  data  on  localization  of  anthrax  carbuncles  on 
various  exposed  parts  of  the  body. 

In  Australia  and  Oceania  there  are  very  few  reported  cases  of  humans  infected 
with  anthrax:  1-3  cases  per  year  (only  in  1972  in  Australia  were  11  cases  of 
this  disease  in  humans  reported).  This  disease  among  humans  is  tied  primarily 
to  contact  with  cattle  or  with  wool  from  infected  sheep.  The  disease  in  humans 
and  animals  has  been  observed  only  in  two  states:  New  South  Wales  and 
Victoria,  and  it  is  concentrated  between  34°  and  36°  south  latitude  and  14  [as 
published]  and  148  east  longitude.  In  New  Zealand,  Papua,  and  New  Guinea, 
separate  cases  of  the  disease  among  humans  have  been  seen,  but  the  actual 
number  is  unknown. 

Thus,  it  is  possible  to  say  that  today  the  incidence  of  anthrax  among  humans  is 
significant,  primarily  in  the  developing  countries  of  Asia,  Africa,  and  Latin 
America.  Immunization  of  livestock  will  help  reduce  the  incidence  of  the 
disease  among  animals  and  humans,  but  it  will  not  lead  to  its  elimination. 

The  epidemiology  of  anthrax  in  developing  countries  has  certain  traditional 
characteristics  which  indicate  that  humans  are  infected  mainly  through  tending 
and  slaughtering  animals  and  when  cutting  up  the  carcasses;  while  the 
epidemiological  peculiarity  of  anthrax  in  developed  countries  is  the 
predominance  of  occupational  morbidity,  that  is,  the  result  of  infection  from 
contaminated  raw  materials  of  animal  origin,  and  mainly  those  that  have  been 
imported. 


BIBLIOGRAPHY 

1.  Baroyan,  0.  V.,  "Ocherki  po  Mirovomu  Rasprostraneniyu  Vazhneyshikh 
Zaraznykh  Bolezney  Cheloveka  (Zabolevayemost '  v  Zarubezhnykh  Stranakh) 
[Studies  on  the  World  Incidence  of  the  Most  Important  Infectious  Diseases 
in  Humans  (Morbidity  in  Foreign  Countries)],  Moscow,  1962,  pp  166-172 

2.  Cherkasskiy,  B.  L. ,  in  "Itogi  Nauki"  [Scientific  Results],  1966,  and 
"Meditsinskaya  Geografiya"  [Medical  Geography],  Moscow,  1968,  pp  163-200. 

3.  Cherkasskiy,  B.  L.  and  Knop,  A.  G. ,  in  "Voprosy  Epidemiologii  Nekotorykh 
Zoonozov"  [Questions  in  the  Epidemiology  of  Several  Zoonoses],  Moscow,  1975, 
pp  3-57. 

4.  Shlyakhov,  E.  N. ,  ZHURNAL  MIKR0BI0L0GII ,  No  11,  1957,  pp  137-141. 

5.  Amidis,  Dutz  W. ,  Kohout,  E.,  et  al.,  Z.  TROP.  MED.  PARAZITOL. ,  Vol  25, 

1974,  pp  96-104. 

6.  "Bacterial  Diseases",  Atlanta,  1979. 

7.  Davies,  D.  G. ,  Harvey,  R.  W. ,  J.  HYG.  (London),  Vol  3,  1972,  pp  455-458. 


7 


8. 

9. 

10. 

11. 

12. 


Deschilder ,  J.,  ARCH.  BELG.  DERM.,  Vol  27,  1972, 
Fernendez,  M.  T.  and  Grogono,  J.  L. ,  COMM.  MED., 
Gernez-Rieux,  C.,  Voisin,  C.,  Furon,  D. ,  et  al., 

Vol  15,  1967,  pp  761-768.  ’ 

Fox,  M.  D.,  Kaufmann,  A.  F. ,  Zendel,  S.  A.,  et  al 

PP  446-451. 

Kauker,  E.  and  Zettel,  K. ,  BERL.  MUNCH.  TIERARTZL 
pp  194-197. 


PP  211-213. 

Vol  24,  1972,  pp  522-523. 
REV.  HYG.  MED.  SOC. , 

. ,  Ibid. ,  Vol  163,  1973, 

.  WSCHR. ,  Vols  9-10,  1963 


> 


13. 


14. 


15. 

16. 

17. 


Roberts,  C.  J.  and  Chambers,  P.  G. ,  J.  MED., 

Simaga,  J.,  Astorouiza,  E.,  Thiero,  M.,  et  al 
Vol  73,  1980,  pp  23-28. 

Simmons,  J.  S.,  Whayne,  T.  F.,  Anderson,  G.  W 
Epidemiology",  Philadelphia,  1944-1954. 

Sirol ,  J.,  Gendron,  G. ,  Condat,  M.,  BULL.  WLD 
pp  155-159. 

Turner,  M.,  CENT.  AFR.  J.  MED.,  Vol  26,  1980 
Vol  78,  1981,  p  131  (137). 


Vol  4,  1975,  pp  73-74. 

.,  BULL.  SOC.  PATH.  EXOT. , 

.,  et  al.,  "Global 

.  HLTH.  ORG.,  Vol  2,  1974, 

pp  160-161;  TROP.  DIS.  BULL. 


COPYRIGHT.  Zhurnal  mikrobiologii,  epidemiologii  i  immunobiologii" ,  1983 
9967 

CSO:  8144/0967 


8 


UDC  579.843.1+579.849.941:579.23 

MOLECULAR  ORGANIZATION  AND  FUNCTIONS  OF  PROTEIN  TOXINS  THAT  ARE  CAUSATIVE  AGENTS 
OF  CHOLERA  AND  PLAGUE 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 

1983  (manuscript  received  24  Mar  83)  pp  7-13 

[Article  by  V.  I.  Yefremenko,  Volgograd  Antiplague  Scientific  Research 
Institute] 

[Text]  Research  on  bacterial  toxins  began  at  the  end  of  the  19th  century  with 
the  isolation  of  the  diphtheria  toxin,  and  other  bacterial  toxins  were  isolated 
and  studied  later.  It  was  established  that  the  majority  of  bacterial  toxins 
have  a  protein  nature  and  have  receptor  and  activator  functions.  The  part  of 
the  toxin  molecule  that  fulfills  the  receptor  function  makes  it  possible  for 
the  toxin  to  attach  itself  to  certain  cellular  receptors,  and  then  the 
activator  part  carries  out  the  toxic  function  of  the  preparation.  Research 
results  have  shown  that  a  toxin  lacking  the  receptor  part  of  the  molecule  is 
practically  incapable  of  having  any  biological  effect,  in  spite  of  the  fac 
that  it  still  has  the  section  of  the  molecule  that  performs  the  activating 
function  [2]. 

As  more  information  has  been  gathered  on  bacterial  toxins,  the  need  has  arisen 
to  systematize  the  data  that  has  been  obtained  and  to  create  a  classification 
system.  The  basic,  well-known  classifications  of  bacterial  toxins  have  been 
described  in  a  number  of  monographs  and  reviews  [1,  2]  and  Bonventre  [11]  proposed 
a  classification  of  toxins  based  on  the  structural  peculiarities  of  the  toxic 
molecules.  According  to  this  classification  all  bacterial  toxins  are  divided 
into  4  groups:  1)  simple  toxins  that  at  the  stage  of  the  precursor  toxins  have 
one  polypeptide  chain,  the  activation  of  which  follows  the  proteolysis  model; 
during  activation  they  become  true  toxins  and  perform  receptor  and  activator 
functions;  2)  complex  toxins  that  have  two  or  more  polypeptide  chains  and  are 
synthesized  separately  from  each  other  (this  group  includes  the  protein  toxins 
that  are  causative  agents  of  cholera  and  the  plague);  3)  toxin  mixtures  that 
consist  of  several  unconnected  components;  and  4)  conjugated  toxins  that  are^ 
active  when  combined  with  a  prosthetic  group.  Results  of  research  on  bacterial 
toxins  from  the  position  of  the  interconnection  between  their  structure  and 
function  have  cast  doubt  on  the  accuracy  of  isolating  the  third  and  fourth 
groups  in  Bonventre* s  classification. 

After  establishing  the  leading  role  of  the  cholera  toxin  (cholerogen)  in  the 
pathogenesis  of  cholera,  it  was  determined  that  the  cholerogen  is  a 
thermolabile  protein  with  a  molecular  weight  of  84,000  atomic  units  and 
consisting  of  2  fragments:  fragment  A  performs  the  activator  function  and 
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fragment  B,  or  the  cholerogenoid,  performs  the  receptor  function.  Both 
fragments  consist  of  subunits  [2,  9,  18,  45,  53], 

The  fact  that  the  cholerogen  molecule  consists  of  two  fragments  A  and  R  t-w 
are  detract  in  terns  of  their  structure  and  properties  sugje  i  a e  ' 

involvement  of  several  genes  in  the  synthesis  of  the  cholerf  toxin  [7].  This 

nrimariw°"  ”th  C0”f' rmed  “ken  vihrions  were  obtained  that  are  involved 
primarily  in  the  sythesis  of  one  of  the  fragments  [18,  22,  23,  421.  When 

HZ1 IflS  lmmuniZedKwith  t0Xin  fragmentS  A  and  i"  aPProximately^equal 
]Z\a,  defens®  ' was  1 Obtained  against  subsequent  introduction  of  the  cholerogen 

distinct  *  [46^?  §  immunoglobulins  for  fragments  A  and  B  are  serologically 

According  to  data  found  in  the  majority  of  research  studies,  fragment  A  of  the 
cholerogen  has  a  molecular  weight  of  2800  atomic  units  and  It  consists  of  2 

of  rh  •  i1311  b°Und  t0  6aCh  °ther  by  a  disulfid®  bond.  Under  the  influence 

of  chemical  substances  that  reduce  the  S-S  group  to  free  S-H  groups 

(dithiotreitol  2-mercaptoethanol) ,  fragment  A  splits  into  2  subunits,  which 

can  be  rejoined  during  oxidation  to  form  fragment  A.  The  results  of 

datarmina  the  molecular  weight  of  the  suhunifs  of  A  ^ducted TV 

number  of  researchers  were  not  identical.  Today  the  molecular  weight  of  the 

heioofo™to“:  ?.  is 

Fragment  B,  or  the  cholerogenoid,  has  a  molecular  weight  of  56  000  and  it 
consists  of  identical  subunits  that  include  103  amino  acid  radicals  this 

ti!S*u‘oOO*  °  fontains  5  '“•‘-■'its  with  a  molecular  weight  of  no  less 

than  12,000.  The  noncovalent  bond  between  the  separate  subunits  can  be  broken 

dudeo  [agTw  B  s1S„rCfCed  °C  "hen  it  is  exposed  to  sodtum 

dodecylsul fate ,  6  M  of  urea  with  an  acidic  pH,  or  6  M  of  guanidine 
hydrochloride  [2,  15,  18,  28,  53].  niaine 

Data  that  have  been  obtained  on  the  amino  acid  composition  and  the  amino  acid 

hvdronhnb°  e  cholerogen  and  its  subunits  have  demonstrated  the  absence  of 
ydrophobic  surfaces  m  these  compounds  [55].  Trypsin  can  split  the  subunit  of 

folST  *  W\th  t‘/^1KCUlar  W6ight  °f  23,000  [291’  which  in  the  cholerogen 
J  t- Sblalded  by  other  structural  components  with  a  high  proline 
content,  which  forms  a  bond  with  lysine  and  arginine  [41];  this  provides  the 
toxin  molecule  with  a  high  degree  of  resistance  against  the  effects  of 

enfymes-  In  the  study  of  the  detoxifying  effect  on  the  cholerogen 
mof  f  by  various  aldehydes,  it  was  also  established  that  sections  of  the 
molecuie  that  perform  the  toxic  functions  are  located  mainly  inside  the  protein 

hT  t0  thS  6ffeCt  of  a  bigh  molecular  aldehyde  * 

(benzaldehyde)  only  after  the  protein  globule  is  destroyed  in  the  presence  of 

„Wben  cholero8en  is  exposed  to  the  combined  effect  of 
f  l  !  an-  ^_m®rcaPtoethanol ,  it  breaks  down  into  separate  subunits  with 

5  •  V\°ri!lnal  toxicity  [18,  53].  The  toxic  function  of  the  cholerogen 

is  inhibited  by  chemical  compounds  that  react  specifically  with  arginine  and§ 

NH2  groups,  whose  modification  removes  the  toxin's  receptor  function  [3,  32, 
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33].  The  cholerogen's  toxicity  decreases  while  its  immunogeni city  and 
antigenicity  are  preserved  also  when  it  is  exposed  to  gamma  radiation  [6]. 

Results  from  studies  on  the  mechanism  of  action  of  the  cholerogen  on  a 
macroorganism  have  shown  that  the  toxin  interacts  with  monosialogangliosides 
G  that  are  part  of  the  structure  of  eucaryotic  cell  membranes  in  a  molar 
ralio  of  1:1;  both  fragment  B  of  the  cholerogen  and  its  separate  subunits  are 
capable  of  bonding  with  the  ganglioside  [20].  It  has  been  established  that  the 
toxin  attaches  to  the  oligosaccharide  part  of  the  ganglioside  molecule  [30,  52J, 
using  the  part  (subunit)  of  fragment  B  that  contains  arginine.  This  same  part 
of  the  toxin  molecule  is  responsible  for  the  interaction  with  the  antitoxic 
immunoglobulin  [16].  These  data  explain  the  loss  of  the  ability  of  the 
cholerogen  or  cholerogenoid,  having  been  acted  upon  by  the  antitoxic 
immunoglobulin,  to  fix  onto  the  ganglioside  G^x  [2,  15,  53].  One  molecule  of 
cholerogen  bonds  with  several  molecules  of  the  GMI  gangliosides  [19],  the 
quantity  of  which  represents  less  than  5  percent  of  the  total  number  of 
gangliosides  in  the  cell  [47].  After  the  toxin  has  formed  complexes  with  the 
G  gangliosides,  the  complexes  migrate  in  the  plane  of  the  membrane  to  the 
poles  of  the  cell  [24],  there  is  reduction  of  the  disulfide  bridge  that  joins 
fragments  A  and  B,  and  fragment  A  passes  through  the  membrane  into  the  cell 

[51]. 

In  recent  years  a  great  deal  of  attention  has  been  given  to  studying  the  role 
of  neuraminidase  in  carrying  out  toxins'  biological  functions.  With  cholera, 
it  alters  various  gangliosides  to  the  structure  of  [2],  which  provides  an 

increase  in  the  number  of  toxin  receptors  in  the  intestine  (this  also  probably 
applies  to  other  infections  in  which  toxins  are  produced  that  interact  with 
monosialogangliosides).  With  illnesses  caused  by  agents  of  tetanus,  botulism, 
and  the  like,  the  toxins  of  which  interact  with  di-  and  trisialogangliosides 
[2],  the  neuraminidase  also  probably  transforms  the  gangliosides  to  the  G  x 
structure.  Here,  in  our  opinion,  the  toxin  is  not  capable  of  fixing  itself  to 
the  surrounding  cells  and  tissues  of  the  macroorganism  and  it  penetrates  beyond 
the  limits  of  localized  microbes,  infecting,  for  example,  the  cells  of  the 
primary  tissue  and  so  forth.  This  supposition  is  confirmed  indirectly  by  data 
that  show  the  botulin  toxin  is  not  absorbed  in  the  intestine,  but  ends  up  m 
the  lymph  [44]. 

When  fragment  A  penetrates  into  an  intestinal  cell,  it  catalyzes  the  hydrolysis 
of  NAD  to  nicotinamide  and  ADP-ribose,  after  which  adenyl  cyclase  is  activated 
and  catalyzes  the  production  of  cyclic  3 *  —5 '  adenosine  monophosphate  (cAMP). 

As  the  result  of  an  as  yet  unknown  mechanism,  this  promotes  secretory  transport 
of  Cl”  and  HC0~  ions  through  openings  in  the  intestine;  and  as  a  result  of 
osmotic  shifts,  sodium  ions  and  water  also  pass  through  and  the  intestinal 
nervous  system  is  activated.  One  or  several  molecules  of  cholerogen  are 
sufficient  to  activate  cAMP  in  eucaryotic  cells  during  a  period  of  contact 
lasting  several  minutes  and  the  action  of  the  toxin  lasts  for  the  entire  life 
of  the  cell.  The  accumulation  of  cAMP  in  the  cell  begins  after  60-90  minutes, 
and  reaches  its  maximum  after  3  hours  [9,  12,  18,  21,  43,  48,  53]. 

Numerous  observations  have  been  described  regarding  the  effect  of  a  cholerogen 
on  various  systems,  organs,  tissues,  and  cells  of  a  macroorganism.  For 
example,  a  cholerogen  in  the  intestine  stimulates  the  secretion  of  water  and 
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electrolytes  (that  is,  it  performs  an  enterotoxic  function);  it  causes  a 
isruption  in  capillary  permeability  when  it  is  introduced  into  the  skin  (the 

develonmenrof^7/3^0^5  ^  m°?ifi?s  various  proteins;  it  inhibits  the 
development  of  delayed  hypersensitivity;  it  stimulates  steroidogenesis  in  a 

culture  of  adrenal  cells;  it  increases  lipolytic  activity  in  fat  cells-  it 
causes  abortions  and  promotes  the  development  of  sterility  in  female  mice-  it 
affects  the  rhythm  of  heart  contractions;  it  leads  to  a  change  in  the 
morphology  of  cultured  adrenal  cells  or  Chinese  hamster  ova;  it  affects  the 

10"  of  4  -lease,  growth  honnone  fro.  the  h,  ,  t 

potehtretes  the  release  of  insulin  from  the  pancreas;  it  intensifies  the 
secretion  of  glycoprotein  m  the  intestine;  it  suppresses  blast  transformation 
of  lymphocytes;  it  reduces  the  number  of  cells  that  form  antibodies;  it 

19  21  50  51iaX1?h  P°JymorPh?nuclear  leucocytes;  and  so  on  [2,  9,  14,  18, 
I®* 2;’  °’,31,  The  ch°lerogen's  broad  range  of  action  can  be  explained  not 
so  much  by  the  presence  m  its  structure  of  molecules  with  different  centers 

ofaitsCeffect  V3“°US  CelJf  °f  the  macroorganism,  but  by  the  universal  nature 
rw  ef^ct  5hese  ce}ls’  functions  of  which  are  extremely  varied. 
Consequently,  their  reactions  to  the  cholerogen  are  diverse;  in  a  number  of 
cases  the  action  of  the  cholerogen  is  compared  to  hormonal  action  [54].  The 
varying  sensitivity  of  different  cells  and  tissues  to  the  cholerogen  [31]  and 
the  minor  conformational  changes  in  the  toxin  molecule  that  arise  in  the 
process  of  its  secretion,  and  the  purification  and  action  of  various  chemical 
compounds  can,  in  our  opinion,  reduce  the  toxin's  tropistic  relationship  to 

llTTLTl  ^  anh  thU!  th!  chole-S-'s  functions  (enterotoxic,  cu^eous? 
etc.)  can  either  be  reduced  or  disappear  altogether  in  various  biological 

itfChnrS\  °r  ®Xamp*e’  wben  the  cholerogen  is  exposed  to  ammonium  sulfate, 
its  enterotoxic  function  disappears  almost  entirely,  while  it  retains  the 

in^duc  LrSs-dTrUCti°?  °£  CaPillarJr  with  intracutaneous 

a  [hol«oaan' m  in'  ”  obtained  with  nonenzymatic  carbamylation  of 

c  Olerogen  [3].  Thus,  comprehensive  research  on  the  cholera  vibrion  toxin  has 
made  it  possible  to  determine  a  nomber  of  the  aspects  of  the  relation^  p 
between  its  structure  and  biological  functions.  P 

therm°labile  plague  toxins  have  been  studied  to  a  much  lesser  extent. 
ZeT-Sert  ?1SC°vere<*  the  causative  agent  of  plague,  numerous  efforts  were 

ih?hJ  i*° f  he  substance  in  the  bacteria  that  is  responsible  for  the 
intoxication  of  the  organism.  Relatively  little  is  known  today  about  the 

Tarve^hl13  °  acblon  ?f  Y®rsiaia  pestis  on  the  macroorganism,  although  the 
large  volume  of  data  m  the  literature  involving  observations  of  people 
stricken  with  plague  has  provided  a  basis  for  supposing  that  they  have 
pronounced  toxemia,  especially  in  those  cases  when  the  illness  was  extremely 

de^hnr251  A'6  r"8  l°m  -la8Ue  had  ^  typical  symPtoms  so-called  toxic 

in  thP  A  pr°bein  ^hat  *s  hlehly  toxic  to  mice  and  rats  has  been  discovered 

in  the  plague  agents  and  it  is  called  "mouse"  toxin.  Protein  fragments  were 
also  isolated  which  by  themselves  even  in  large  concentrations  di!Tnot  kill 
gu.nea  P]-8S>  ut  when  mixed  together  these  fragments  were  toxic  to  these 
animis  m  reutiyeiy  smaii  doses,  which  indicates  their  synergistic  effect 
13].  A  plague  microbe  protein  toxin  has  been  described  that  causes  death  in 
th  *  1  ^f1163  f1?®  [8] :  ThlS  review  summarizes  material  that  is  devoted  to 

£  38  isflsPt.0de,ln.tOX1"Sr.that/r?  ^  to  ”hUa  “««•  In  1964  Montis  e 

terms  of  2  t  2. toaana  (A  and  B)  from  the  plague  microbe  that  differed  in 
erms  of  their  physical  and  chemical  properties,  one  of  which  was  identical  to 
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the  "mouse"  toxin  described  earlier.  The  LD5_  for  mice  with  intraperitoneal 
introduction  of  these  preparations  was  0.5-l.U  micrograms  of  protein  [37]. 
Results  of  research  on  the  protein  toxins  A  and  B  have  shown  that  mice  and  rats 
are  highly  sensitive  to  these  toxins,  while  other  animals  are  resistant  to 
their  effects  [5,  25].  Toxin  A,  attached  to  the  membrane  of  the  plague  agent, 
has  a  molecular  weight  of  240,000  and  its  electrophoretic  mobility  in  a 
polyacrylamide  gel  is  less  than  that  of  toxin  B.  Toxin  B,  which  exhibits  more 
mobility  during  electrophoresis  is  found  in  the  cytoplasm  of  the  agent  and  has 
a  molecular  weight  of  120,000.  Toxins  A  and  B  form  individual  zones  of 
precipitation  with  antitoxic  sera  in  immunochemical  reactions  [38].  Toxin  A  is 
a  type-specific  antigen  for  the  plague  agent  and  pseudotuberculosis  [4].  Toxins 
A  and  B  have  practically  identical  amino  acid  compositions,  but  it  has  been 
determined  that  there  is  33  percent  less  tryptophan  in  toxin  B  than  in  toxin  A 
[39]. 

When  toxins  are  treated  with  detergents  they  dissociate  into  subunits  with  a 
molecular  weight  of  24,000  that  contain  2  polypeptide  chains  with  a  molecular 
weight  of  12,000,  one  of  which  is  found  in  both  toxins  A  and  B.  In  light  of 
this,  it  is  supposed  that  toxin  A  consists  of  10  subunits  and  toxin  B  of  5. 

The  subunits  retain  a  toxicity  that  is  equivalent  to  that  of  the  original 
preparations.  Approximately  60  percent  of  the  polypeptide  chains  of  subunits 
of  toxins  A  and  B  have  the  same  electrophoretic  mobility  during  electrophoresis 
in  a  polyacrylamide  gel;  the  remaining  40  percent  differ  in  terms  of  their 
electrophoretic  mobility  and  the  polypeptide  chains  of  subunits  of  toxin  B  are 
more  mobile  [37,  40].  Assuming  that  toxin  A  is  a  dimer  of  B  toxins,  an  effort 
was  made  to  obtain  toxin  B  from  toxin  A.  However,  the  incubation  of  toxin  A  in 
solutions  with  various  pH  levels  and  2— mercaptoethanol  that  destroy  the 
disulfide  bonds,  did  not  lead  to  the  dissociation  of  toxin  A  [39].  When  animals 
were  immunized  with  immunochemical ly  pure  toxins  A  and  B,  both  homologous 
antibodies  and  antibodies  for  another  toxin  were  discovered  in  the  serum  of  the 
immunized  animals.  After  the  immunochemically  homogeneous  solution  of  toxin  A 
was  stored  at  37 °C  for  2  months,  toxin  B  appeared  in  serological  reactions  in 
the  preparation.  These  results  confirmed  the  presence  of  several  common 
structural  peculiarities  in  toxins  A  and  B  [4]. 

The  heating  of  the  purified  "mouse"  toxin  performed  by  Ajl  et  al.  [10]  and  the 
effect  of  ultrasound  and  formalin  on  the  toxin  led  to  a  decrease  in  or 
complete  disappearance  of  the  preparation's  toxicity.  Proteolytic  enzymes 
(trypsin,  L-chymotrypsin,  papain)  did  not  have  any  effect  on  the  serological 
and  toxic  properties  of  the  purified  toxin  after  1-7  days  of  incubation  at 
37°C,  in  spite  of  the  appearance  of  free  amino  acids  that  was  observed. 
Differences  were  discovered  in  the  tertiary  structures  and  in  the  sequential 
arrangement  of  the  amino  acids  in  toxins  A  and  B  [39].  When  the  subunits  of 
toxins  A  and  B  were  studied,  a  difference  was  discovered  in  the  tryptophan 
content  of  the  polypeptide  chains  [40].  Toxin  A  turned  out  to  be  more  sensitive 
to  urea,  desoxycholate ,  digitonin,  5-f luorotryptophan,  and  lyophilization  [38, 
39].  Using  a  chemical  modification  method,  it  was  determined  that  the  active 
sections  of  the  polypeptide  chains  that  are  responsible  for  carrying  out  the 
toxic  funcion  contain  amino  acids  with  free  groups.  Destruction  of  the 

disulfide  bonds  through  oxidation  or  reduction  caused  no  changes  in  the 
toxicity  of  the  plague  toxins  [4].  These  results  and  the  data  obtained  by 
Montie  et  al.  [40]  showing  that  relatively  short  polypeptide  chains  (subunits) 
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of  toxins  A  and  B  perform  the  toxic  function,  allow  us  to  assume  that  the 
disulfide  bonds  have  practically  no  effect  on  the  performance  of  these 
functions  by  protein  toxins  that  are  plague  agents.  It  has  been  established 
that  the  effect  of  6  M  urea  on  toxic  fragments  of  plague  agents  was  an  increase 
in  the  preparation's  toxicity  due  to  individual  destruction  of  the  polypeptide 
chains  of  toxin  molecules  and  the  exposure  of  new  functional  groups  of 
molecules  that  perform  the  toxic  functions.  Treating  the  preparations  with 
aldehydes  of  varying  molecular  weight  showed  that  the  groupings  of  toxin 
molecules  responsible  for  the  toxic  function  are  essentially  shielded  and  a 
high  molecular  aldehyde  can  have  an  effect  on  them  only  after  there  is  a  change 
in  the  spatial  structure  of  the  toxins  that  is  the  result  of  6  M  urea  [4] .  The 
results  of  studying  the  mechanism  of  interaction  between  plague  protein  toxins 
and  mitochondria  from  bull  and  rat  hearts  showed  that  with  a  low  concentration 
of  hydrogen  ions  (pH  11.0),  the  "mouse"  toxin  interacted  with  the  structural 
protein  of  the  mitochondria,  forming  a  complex  primarily  with  toxin  A.  An 
almost  complete  joining  of  the  toxin  with  the  structural  protein  of  the 
mitochondria  took  place  when  the  ratio  between  the  protein  and  toxin  was  20:1; 
one  molecule  of  the  toxin  bonded  with  several  molecules  of  the  mitochondrial 
structural  protein  [25-27,  36].  On  the  basis  of  these  data  one  can  assume  that 
the  mitochondrial  structural  protein  is  the  receptor  for  the  "mouse"  toxin  and 
the  toxic  function  of  the  toxin  works  mainly  at  the  level  of  the  exchange 
processes  in  the  mitochondria  of  animals  that  are  susceptible  to  the  toxin. 

Quite  a  large  body  of  research  has  been  devoted  to  the  study  of  the  mechanism 
by  which  plague  toxins  affect  the  macroorganism  and  the  exchange  of  substances 
m  animals  susceptible  to  this  toxin.  In  the  majority  of  cases,  however, 
unpur if led  preparations  were  used  as  toxins.  Direct  research  on  the  effect  of 
mouse  toxin  became  possible  only  after  the  development  of  methods  for 
purifying  the  toxin.  It  was  demonstrated  that  when  introduced  into  mice,  the 
purified  toxin  caused  bristling  of  the  hair,  inertia,  a  rise  in  body 
temperature,  difficulty  breathing,  a  drop  in  blood  pressure,  and  shock.  The 
mice  developed  leucopenia,  eosinopenia,  expansion  of  blood  vessels,  and 
thickening  of  the  blood  with  an  increase  in  erythrocytes  up  to  35  percent. 
Subcutaneous  or  intracutaneous  introduction  of  the  toxin  at  first  caused 
formation  of  edema  at  the  site  of  application,  and  later  necrosis  of  the 
tissues.  At  the  site  of  the  toxin's  application,  there  was  an  increase  in  the 
permeability  of  subcutaneous  capillaries.  A  histological  examination  of  mice 
that  died  during  the  first  10  hours  following  introduction  of  the  toxin  showed 
swelling  of  the  endothelium  in  pulmonary  vessels,  hyperemia  in  organs,  and 
fatty  degeneration  in  the  heart  muscle.  Animals  that  died  later  on  showed 
hyperemia  of  the  spleen,  degeneration  of  the  endothelium  in  kidney  tubules,  and 
atty  infiltration  in  the  liver  [25].  It  was  also  determined  that  the  "mouse" 

toxin  inhibits  the  oxidation  of  alpha-ketoacids  in  homogenates  in  the  mouse 

liver  and  spleen,  as  well  as  in  acellular  extracts  secreted  by  Escherichia 

coli;  the  toxin  had  little  effect  on  the  oxidation  of  succinic  acid  and  citric 

acid.  The  toxin  suppressed  the  exogenous  respiration  of  mitochondria  isolated 
from  the  hearts  of  mice  and  rats,  but  not  those  of  rabbits,  dogs,  and  monkeys, 
which  are  not  very  sensitive  to  the  toxin's  effects.  A  connection  was 
discovered  between  the  toxicity  of  a  toxin  molecule  in  vivo  and  its  ability  to 
inhibit  mitochondrial  respiration  [26,  36].  When  the  permeability  of  the 
mitochondrial  membranes  of  a  rabbit's  heart  was  destroyed  by  desoxycholate  or 
ultrasound,  the  "mouse"  toxin  inhibited  the  respiration  of  these  mitochondria. 
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The  toxin's  effect  was  seen  in  the  transport  of  electrons  along  metabolic 
pathways  between  nicotinamide  adenyldinucleot ide  phosphate  (NADP)  or  a  salt  of 
succinic  acid  and  cytochrome  B  by  retarding  the  enzymatic  activity  of 
dehydrogenase.  It  was  discovered  that  the  toxin  inhibited  the  accumulation  of 
calcium  and  inorganic  phosphate  ions  in  the  mitochondria.  When  the  toxin  was 
inactivated  by  formalin,  the  inhibitory  action  disappeared.  When  the  toxin 
interacted  with  the  mitochondria,  the  mitochondria  swelled  up;  the  toxin  caused 
swelling  only  in  those  mitochondria  in  which  it  had  inhibited  exogenous 
respiration.  In  the  presence  of  cyanides  and  sodium  azide,  no  mitochondrial 
swelling  was  observed  and  the  toxin  did  not  have  any  effect  on  mitochondria 
from  the  brains  of  mice  and  mitochondria  from  animals  immunized  with  the  toxin 
[25].  In  the  opinion  of  Montie  [35],  "mouse"  toxin  acts  as  a  beta-adrenergic 
blocking  agent  in  the  macroorganism. 

The  data  presented  here  offer  evidence  of  the  need  to  study  biologically  active 
molecules  taking  into  consideration  the  close  connections  between  their 
structural  peculiarities  and  various  functions,  which  opens  up  new 
possibilities  in  understanding  the  mechanisms  of  their  action  on  the 
macroorganism  and  points  the  way  for  developing  various  preventive  and 
therapeutic  preparations. 


BIBLIOGRAPHY 

1.  Dalin,  M.  V.  and  Fish,  H.  G. ,  "Belkovyye  Toksiny  Mikroorganizmov"  [Protein 
Toxins  of  Microorganisms],  Moscow,  1980. 

2.  Yezepchuk,  Yu.  V.,  "Biomolekulyarnyye  Osnovy  Patogennosti  Bakteriy" 
[Biomolecular  Foundations  of  Bacterial  Pathogenicity],  Moscow,  1977. 

3.  Yefremenko,  V.  I.,  Goloseyev,  Yu.  A.,  and  Vladimtseva,  I.  V.,  in 
"Vsesoyuznyy  Biokhimicheskiy  S'yezd.  4-y.  Tezisy  Soobshcheniy"  [The  4th 
All-Union  Biochemical  Congress.  Paper  Abstracts],  Moscow,  1979,  Vol  3, 

pp  111-112. 

4.  Yefremenko,  V.  I.,  Metlin,  V.  N. ,  and  Rybkin,  V.  S.,  in  "Immunologiya  i 
Immunoprof ilaktika  Chumy  i  Kholery"  [Immunology  and  Immunological 
Prevention  of  Plague  and  Cholera],  Saratov,  1980,  pp  34-36. 

5.  Metlin,  V.  N. ,  "The  Role  of  'Mouse'  Toxin  in  the  Virulence  and 
Immunogenic ity  of  the  Plague  Microbe",  candidate's  dissertation,  Saratov, 
1968. 

6.  Nedugova,  G.  I.,  "The  Biological  and  Immunochemical  Properties  of  the 
Cholera  Exotoxin  when  Exposed  to  Gamma-Radiation",  abstract  of  candidate's 
dissertation,  Moscow,  1981. 

7.  Skavronskaya,  A.  G. ,  ZHURNAL  MIKROBIOLOGII,  No  6,  1980,  pp  3-10. 

8.  Shanina,  L.  N.  and  Ponamarev,  N.  G. ,  in  "Prof ilaktika  Osobo  Opasnykh 
Infektsiy"  [The  Prevention  of  Particularly  Dangerous  Infections],  Vol  1, 
1976,  pp  53-58. 


15 


9.  Shakhlamov,  V.  A.,  ARKH.  PAT.,  No  5,  1980,  pp  75-83. 

10.  Ajl,  S.  J.,  Rust,  J.  J.,  Hurter,  D. ,  et  al.,  J.  IMMUNOL.,  Vol  80,  1058, 
pp  435-440. 

11.  Bonventre,  P.  F. ,  MIKROBIOL.  TOXINS,  London,  Vol  1,  1970,  pp  29-66. 

12.  Cassuto,  J.,  Fahrenkrug,  J.,  Jodal,  M. ,  et  al.,  GUT,  Vol  22,  1981, 
pp  958-963. 

13.  Cocking,  E.  S.,  Keppie,  J.,  Witt,  K. ,  et  al.,  BRIT.  J  EXP.  PATH.,  Vol  41, 
1960,  pp  460-471. 

14.  Cooper,  D.  M.  F.,  Jarus,  R. ,  Somers,  R.  L. ,  et  al.,  BIOCHEM.  BIOPHYS.  RES. 
C0MMUN.,  Vol  101,  1981,  pp  1179-1185. 

15.  Dodin,  A.,  ANN.  MICROBIOL.,  Vol  A-131,  1980,  p  113. 

16.  Duffy,  L.  K.  and  Lai,  C.  Y.,  BIOCHEM.  BIOPHYS.  RES.  COMMUN. ,  Vol  91,  1979, 
pp  1005-1010. 

17.  Duffy,  L.  K. ,  Peterson,  J.  W.  and  Kurosawa,  A.,  J.  BIOL  CHEM.,  Vol  256, 
1981,  pp  12252-12256. 

18.  Fenkelstein,  R.  A.,  in  "Microbiology-1975",  Washington,  1975,  pp  236-241. 

19.  Fishman,  P.  H.  and  Atikkan,  E.  E.,  J.  MEMBRANE  BIOL.,  Vol  54,  1980, 
pp  51-60. 

20.  Holmgren,  J.  and  Lonnroth,  J.,  J.  GEN.  MICROBIOL.,  Vol  86,  1975,  pp  49-65. 

21.  Holmgren,  J.  and  Svennerholm,  A.  M.,  J.  INFECT.  DIS.,  Suppl.  No  2,  1977, 
pp  105-112. 

22.  Honda,  T.  and  Finkelstein,  R.  A. ,  in  "American  Society  for  Microbiology. 
79th  Annual  Meeting",  Washington,  1979,  p  21. 

23.  Honda,  T.  and  Finkelstein,  R.  A.,  PROC.  NAT.  ACAD.  SCI.  (USA),  Vol  76, 

1979,  pp  2052-2056. 

24.  Houselay,  M.  D.  and  Elliot,  K.  R.  F. ,  FEBS  LETT.,  VOl  104,  1979, 
pp  359-363. 

25.  Kadis,  S.  and  Ajl,  S.  J.,  in  "Microbiology  of  Toxins",  New  York,  Vol  3, 

NIB,  1970,  pp  39-63. 

26.  Kadis,  S.,  Montie,  T.  C.,  and  Ajl,  S.  J.,  BACT.  REV.,  Vol  30,  1966, 
pp  177-181. 

27.  Kadis,  S.,  Trenchard,  A.  D. ,  and  Ajl,  S.  J. ,  J.  BIOL.  CHEM.,  Vol  241,  1966, 
pp  5605-5609. 


16 


28.  Lai,  C.  Y.,  CRC  CRIT.  REV.  BIOCHEM. ,  Vol  9,  1980,  pp  171-206. 

29.  Lai,  C.  Y. ,  Cancedda,  F.,  and  Duffy,  L.  K. ,  BIOCHEM.  BIOPHYS.  RES.  COMMUN. , 

Vol  102,  1981,  pp  1021-1027. 

30.  Lanrel,  O.  S.,  James,  H.  P.,  and  Robert,  K.  Y. ,  J.  BIOL.  CHEM. ,  Vol  256, 
1981,  pp  1094-1097. 

31.  Liu,  C.  T.  and  Galloway,  E.  J.,  TOXICOL.,  Vol  19,  1981,  pp  701-704. 

32.  Lonnroth,  J.  and  Holmgren,  J.,  FEBS  LETT.,  Vol  44,  1974,  pp  282-295. 

33.  Lonnroth,  L.  and  Holmgren,  J.,  J.  GEN.  MICROBIOL.,  Vol  91,  1975, 
pp  263-277. 

34.  Markel,  D.  E.,  Hejtmancik,  K.  E.,  Peterson,  J.  W.,  et  al.,  INFECT.  A. 
IMMUN.,  Vol  25,  1979,  pp  615-626. 

35.  Montie,  T.  C. ,  PHARMACOL.  THER. ,  Vol  12,  1981,  pp  491-499. 

36.  Montie,  T.  C. ,  in  "Microbiology  of  Toxins",  New  York,  Vol  3,  1970,  pp  1-37. 

37.  Montie,  T.  C.  and  Montie,  D.  B. ,  J.  BACT. ,  Vol  100,  1969,  pp  535-537. 

38.  Montie,  T.  C. ,  Montie,  D.  B. ,  and  Ajl,  S.  Y. ,  J.  EXP.  MED.,  Vol  120,  1964, 
pp  1201-1213. 

39.  Montie,  T.  C. ,  Montie,  D.  B. ,  and  Ajl,  S.  J,  BIOCHIM.  BIOPHYS.  ACTA,  Vol 
130,  1966,  pp  406-419. 

40.  Montie,  T.  C.,  Montie,  D.  B,  and  Wennestrom,  D. ,  in  "Microbiology-1975", 
Washington,  1975,  pp  278-282. 

41.  Neri,  P. ,  Botti,  R. ,  Ricci,  A.,  et  al.,  BOLL.  SOC.  ITAL.  BIOL.  SPER. , 

Vol  48,  1972,  pp  168-171. 

42.  Nachols,  J.  C.  and  Murphy,  J.  R. ,  in  "American  Society  for  Mic^bbiology. 
79th  Annual  Meeting.  Abstracts",  Washington,  1979,  p  35. 

43.  Nickols,  G.  A.  and  Brooker,  G. ,  J.  CYCL.  NUCLEOT.  RES.,  Vol  5,  1979, 
pp  435-447. 

44.  Ohishi,  J.,  Sugii,  S.,  and  Sakagushi,  G. ,  JAP  J.  MED  SCI.  BIOL.,  Vol  31, 
1978,  pp  161-163. 

45.  Pacuszka,  T.  and  Bradley,  R.  M. ,  POSTEPY  BIOCHEM.,  Vol  26,  1980, 
pp  585-611. 

46.  Peterson,  J.  W. ,  Heitmancik,  K.  E.,  Markel,  D.  E.,  et  al.,  INFECT.  A. 
IMMUN.,  Vol  24,  1979,  pp  774-779. 


17 


47.  Reed,  B.  C.,  Moss,  J.,  Fishman,  P.  H. ,  et  al.,  J.  BIOL.  CHEM.,  Vol  255, 

1980,  pp  1711-1715. 

48.  Sharp,  G.  W.  G. ,  PROC.  INT.  UN.  PHYSIOL.  SCI.,  Vol  12,  1977,  p  437. 

49.  Svennerholm,  A.  M.,  Sack,  D.  A.,  Holmgren,  J. ,  et  al. ,  LANCET,  Vol  1,  1982, 
pp  305-308. 

50.  Tashjian,  A.  H.  and  Jvey,  J.  L.,  BIOCHEM.  BIOPHYS.  RES.  COMMUN. ,  Vol  102, 

1981,  pp  1055-1064. 

51.  Tomasi,  M.  and  Montecueco,  C. ,  J.  BIOL.  CHEM.,  Vol  256,  1981,  pp  11177- 
11181. 


52.  Tosteson,  M.  T. ,  Tosteson,  D.  C.,  and  Rubnitz,  J.,  ACTA  PHYSIOL.  SCAND. , 
Suppl.  No  481,  1980,  pp  21-25. 

53.  Van  Heyningen,  S.,  BIOSCI.  REP.,  Vol  2,  1982,  pp  135-146. 

54.  Van  Sande,  J.,  Pochet,  R. ,  and  Dumont,  J.  E.,  BIOCHIM.  BIOPHYS.  ACTA, 

Vol  585,  1979,  pp  282-292. 

55.  Ward,  W.  H.  J.,  Britton,  P.,  and  Van  Heyningen,  S.,  BIOCHEM.  J.,  Vol  199, 
1981,  pp  457-460. 

COPYRIGHT:  "Zhurnal  mikrobiologii,  epidemiologii  i  immunobiologii",  1983 
9967 

CSO:  8144/0967 


18 


UDC  579.842.11:579.236:579.222:547.96] :579.25 


PARTIAL  ANTIGENIC  STRUCTURE  OF  GROUP  H10  FLAGELLINS  IN  ESCHERICHIA  COLI  AND  ITS 
GENETIC  DETERMINATION 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  (manuscript  received  16  Feb  83)  pp  21-26 

[Article  by  Yu.  A.  Ratiner,  N.  N.  Golovushkina,  and  Z.  V.  Klimova,  Vaccines  and 
Sera  Central  Scientific  Research  Institute  imeni  I.  I.  Mechnikov,  Moscow] 

[Text]  Enterobacterial  flagella,  including  E.  coli,  consist  of  a 
protein-f lagellin  that  is  the  sole  component  of  the  flagellum  filament. 
Therefore,  the  antigenic  specificity  of  the  flagella  (the  H-antigen)  is 
determined  by  the  corresponding  properties  of  this  protein,  the  primary 
structure  of  which  is  coded  in  E.  coli  by  the  hag  gene  that  is  located  on  the 
42nd  minute  of  the  genetic  chart  of  E.  coli  K12  [5],  and  possibly  in  several 
strains,  by  another  structural  gene  ith  a  different  location.  Different 
alleles  of  the  hag  gene  determine  the  synthesis  of  various  flagellins  that 
account  for  the  corresponding  different  antigenic  and  morphological  properties 
of  the  flagella  [8].  Salmonellae  were  used  as  an  example  to  demonstrate  the 
possibility  of  natural  modification  of  a  synthesized  flagellin  before  it  is 
formed  into  the  flagellin  structure  [16].  The  H-antigen  is  an  important 
differential  diagnostic  sign  for  identification  of  bacteria. 

A  total  of  53  varieties  of  H-antigen  have  been  officially  recorded  for  E.  coli 
(H1-H12,  H14-H21,  H23-H49,  H51-H56),  which  represent  the  order  in  which  they 
were  recorded  [14].  Their  partial  structure  has  not  been  adequately  studied, 
although  it  is  known  that  some  H-antigens  designated  by  the  same  numbers  are 
not  identical  and  differ  in  terms  of  their  partial  structure  [3,  4,  9-11]. 
Utilizing  this  information  would  provide  an  additional  opportunity  for  more 
reliable  differentiation  of  the  bacteria  and  for  establishing  their  etiological 
and  epidemiological  role  in  infectious  diseases. 

Among  the  antigens  designated  as  H10,  4  variants  have  been  discovered;  3  of 
them  were  found  in  Escherichia  055:K59  [4].  It  is  still  not  known  whether  these 
variants  are  found  among  Escherichia  of  other  0  (OK)-groups;  whether  there  are 
other  variants  of  antigens  in  the  H10  group;  and  finally,  whether  these 
differences  in  the  partial  structure  are  accompanied  by  differences  in  the 
corresponding  f lagellin-coding  genes  or  if  they  are  the  consequence  of  various 
modifications  in  the  originally  identical  flagellin.  The  present  article  deals 
with  these  questions. 
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Materials  and  methods.  The  following  strains  of  E.  coli  were  used  in  the 
present  study:  strains  with  a  previously  identified  partial  structure  of  the 
H-antigen  [4],  including  the  H-test  strain  Bi623-42  with  the  serotype 
011:K10:H10  (a,b,c,d);  B581  strains  with  the  serotype  055:K59:H10  (a,c,e,f,g), 
552-055 :K59:H10  (a,b,c,e,g,h)  and  c97/53-055:K59:H10  (a,b,g,i);  the  0-  and 
K-test  strains  of  the  International  Collection  of  Escherichia  A12  b 
(06:K54:H10) ,  ES1483  (0149:K91,  88a,  88c:H10),  880-67  (0151 :K-:H10) ;  strains 
with  the  serotype  05:K*:H10  that  we  obtained  from  healthy  people;  strains  with 
serotypes  0151:K-:H10,  019:K*:H10,  and  08:K84:H10  that  were  sent  to  the 
All-Union  Escherichia  Center  for  identification  of  the  H-antigen;  strains 
obtained  during  acute  intestinal  illnesses;  and  R-form  strains  (OR:H10)  that 
were  obtained  from  individuals  with  pyelonephritis.  In  experiments  involving 
the  transduction  of  the  H-antigen  the  B99-2  strain  with  flagellum  antigen  H6 
was  used  as  the  recipient,  in  addition  to  the  variant  of  flagella  produced  by 
it  spontaneously  that  has  an  altered  antigenic  specificity  [15].  The  entire  set 
of  H— test  strains  from  the  International  Collection  of  Escherichia  was  used,  in 
addition  to  strains  whose  H-antigens  are  distinguished  from  identical  types  [3, 
4].  Transduction  was  performed  using  a  thermoinducible  phage  PlclrlOOKm  3  [15], 

For  the  serological  research  we  used  H-sera  for  all  the  type  H-antigens  and  for 
the  strains  being  studied  with  the  H10  antigen,  which  were  prepared 
according  to  the  standard  method  [1].  The  sera  for  the  partial  factors  of  the 
group  H10  antigens  were  prepared  on  the  basis  of  the  previously  determined 
partial  structure  according  to  the  system  presented  in  table  1.  Table  1  also 
indicates  the  dilutions  (expressed  in  terms  of  the  native  serum)  used  in  the 
agglutination  assay  reaction  to  indicate  the  corresponding  partial  factors. 

The  methods  used  for  the  H-agglutination  assay  reaction  (the  starting  dilution 
of  the  serum  with  an  antibody  titration  of  1:25),  for  the  adsorptions  of 
H— agglut inins ,  and  the  transduction  of  H— antigen  specificity  corresponded  to 
the  methods  described  previously  [1,  15].  With  a  relatively  low  phage  titer  or 
with  transduction  that  was  not  sufficiently  effective,  we  used  the  method 
developed  by  Yu.  A.  Ratiner  for  accumulating  transductants :  we  mixed  1-4  ml  of 
fluid  culture  containing  the  recipient  with  1-5  ml  (in  an  equal  or  larger 
amount)  of  the  phage  and  after  30  minutes  of  sorption  at  30°C  the  mixture  was 
transferred  to  a  flask  (100  ml)  with  50—60  ml  of  Hottinger's  culture  containing 
a  serum  (1:100)  for  the  H— antigen  of  the  recipient  and  2—2.5  percent  glycerine; 
this  was  incubated  at  30  C  for  2—3  days  and  the  layer  above  the  sedimentation 
was  placed  in  the  center  of  a  selective  medium  (a  semi-fluid  medium  with  a 
serum  for  the  H-antigen  of  the  recipient)  in  a  Petri  dish.  For 
counterselection  of  the  B99-2  recipient  we  used  simultaneously  the  H6  serum  and 
the  adsorbed  serum  for  the  H-antigen  of  the  spontaneous  variant  of  this  strain. 
The  addition  of  glycerine  helped  maintain  a  high  level  of  flagella  in  the 
bacteria  over  the  long  culture  period. 

In  separate  transduction  experiments  we  introduced  into  the  semi-fluid  medium 
an  additional  adsorbed  serum  to  the  specific  H-antigen  factor  of  the  donor  in 
dilution,  which  (in  the  control)  immobilized  the  donor  cells.  The 
transductants  were  cultivated  at  30°C. 
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In  all  the  transduction  experiments  for  a  control  we  used  a  recipient  culture 
that  had  not  been  treated  with  phage,  but  was  cultured  under  the  same 
conditions  as  the  transduction  mixture. 

Table  1.  The  system  used  to  obtain  sera  for  the  partial  factors 
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Note:  Here  and  in  table  3  the  antibody  titers  are  represented  by  inverse 
indicators . 

Key: 

1.  Partial  factors  4.  Titer  of  antibodies  for  the  partial  factor 

2.  Native  serum  for  the  strain  5.  Dilution  used  in  agglutination  reaction 

3.  Strain-adsorbent 

Results  and  discussion.  Table  2  illustrates  an  analysis  of  the  group  H10 
antigens  using  factor  sera;  it  is  evident  from  this  table  that  the  H-antigens 
of  strains  of  the  serological  groups  06:K54  and  08:K84  behaved  similarly  to  the 
standard  H10  (a,b,c,d)  antigen  of  the  Bi623-42  strain;  and  the  H-antigens  of 
the  strains  of  the  serological  groups  05:K  and  0149:K91,88  (a,c)  behaved 
similarly  to  the  H-antigen  of  the  c97/53  strain,  that  is,  H10  (a,b,g,i).  The 
H-antigens  of  the  strains  of  the  serological  groups  019  :K*  and  0151 :K-  had  no 
analogues.  Flagellar  antigens  of  strains  with  the  0-antigen  in  the  R-form 
differed  from  the  standard;  and  as  demonstrated  by  the  results  of  tests  with 
sera  cd,  gi,  i,  and  h,  there  was  a  similarity  with  the  H-antigen  of  the  B581 
strain  (3  strains)  and  the  c97/53  strain  (4  strains). 

Experiments  on  cross-adsorption  of  agglutinins  from  sera  prepared  for  the 
strains  being  studied  confirmed  that  the  H-antigen  of  the  1420  strain  and  the 
standard  H-antigen  are  absolutely  identical  and  that  the  H-antigens  from 
Escherichia  05  and  0149  and  the  flagellar  antigen  of  the  c97/53  strain  are 
absolutely  identical.  The  H-antigen  of  the  A12b  strain  dif fered^from  the 
standard  H10  antigen  in  that  it  contained  only  a  part  of  the  d(d  )  factor  and 
an  additional,  but  weak  (residual  antibody  titer  of  1:50)  specific  antigen 
factor  that  is  absent  in  all  other  strains*  We  used  the  symbol  k  to  denote 
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1  2 

this  factor  and  we  used  d  and  d  to  denote  the  two  components  of  factor  d  of 
the  standard  H-antigen. 

Table  2.  An  analysis  of  group  H10  flagellar  antigens  using  factor  sera 
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Key: 

1.  Serological  group  of  E.  coli  3.  Results  of  interaction  with  factor  sera 

2.  Strain  or  number  of  strains  4.  Strains 

As  demonstrated  by  the  results  of  cross  adsorption  of  antibodies,  the  flagellar 
antigens  of  strains  0151 :K-  and  019 :K*  were  identical  within  the  limits  of  each 
of  these  serological  groups.  They  were  studied  further  using  the  2599  and 
880-67  (0151 :K~)  and  30T  (019:K*)  strains  as  an  example.  After  the  adsorption 
of  the  sera  2599,  880-67  of  the  552  strains  and  serum  30T  by  the  c97/53  strain, 
antibodies  remained  (1:400,  1:800,  and  1:3200,  respectively)  that  were  specific 
only  to  H-antigens  of  0151  and  109  Escherichia,  respectively;  that  is,  each  of 
these  2  types  of  H-antigens  had  a  specific  factor.  We  used  the  symbols 
l(y  0151)  and  m(y  019)  to  denote  these  factors*  Furthermore,  these  results 
showed  that  the  remaining  partial  factors  of  these  H-antigens  are  represented 
entirely  in  the  H-antigens  of  the  adsorbent  strains.  Proceeding  from  the  known 
partial  structure  of  the  H-antigens  of  strains  552  and  c97/53  and  the  data  in 
table  2,  one  can  conclude  that  the  0151  Escherichia  had  factors  b,  c,  g,  e,  and 
possibly  a,  but  not  factor  f;  and  that  the  30T  strain  had  factors  b,  i,  and 
possibly  a,  but  not  factor  g* 

The  results  of  the  experiments  presented  in  table  3  illustrate  the  extent  to 
which  these  factors  correspond  to  those  that  were  determined  earlier.  Both 
variants  of  the  H-antigen  contained  factor  b  entirely,  since  the  adsorption  of 
serum  bh  by  either  variant  led  to  a  complete  removal  of  the  corresponding 
antibodies,  factor  g,  which  had  been  determined  earlier,  consisted  of  two 
components  c  and  c  ,  since  the  2599  strain  contained  only  part  of  it.(c  ). 

Two  components  were  also  found  in  factor  a— a1  and  a2,  one  of  which  (a1)  was 
found  in  the  H-antigen  of  the  2599  strain,  and  the  other  (a2)  was  found  in  the 
H  antigen  of  the  30T  strain.  This  follows  from  the  results  of  the  adsorption 
of  the  serum  for  the  H-antigen  of  strain  c97/53  (see  table  3):  the 
preservation  of  antibodies  for  the  standard  H-antigen  after  adsorption  of  this 
serum  by  the  2599  or  30T  strain  can  be  caused  only  by  incomplete  adsorption  of 
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antibodies  for  factor  a.  The  disappearance  of  these  antibodies  after  total 
adsorption  by  strains  2599  and  30T  is  evidence  that  these  strains  contained 
different  components .of  factor  a.  Factor  i  also  turned  out  to  hav^  two 
components  (i1  and  1  ),  and  the  30T  strain  contained  only  factor  i  .  The 
results  of  studying  the  880-67  strain  were  analogous  to  the  data  presented  in 
table  3  that  were  obtained  for  the  2599  strain.  Besides  the  antigenic  partial 
factors  studied  above,  the  H-antigens  of  the  30T  strains  and  the  0151 
serological  groups  had  one  more  common  component  for  which  an  antibody  remained 
after  adsorption  of  the  serum  for  the  30T  strain  by  the  552  strain  separately 
or  in  combination  with  B581.  However,  these  antibodies  were  not  found  in  a 
study  of  the  sera  for  4  strains  of  the  0151  serological  group. 

Table  3.  An  analysis  of  partial  factors  a,  b,  c,  i 
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Key: 

1.  Antigenic  factor  4.  Titer  of  antibodies  for  the  strain 

being  analyzed  5.  Serum  c97/53,  adsorbed  by  strain  30T 

2.  Adsorbed  serum  6.  Serum  c97/53,  adsorbed  by  strain  2599 

3.  Strain  for  additional 
adsorption 

Due  to  differences  in  the  partial  structure,  strains  with  different  variants  of 
the  H-antigen  agglutinated  in  different  ways  in  the  (native)  sera  obtained  for 
them.  Sera  c97/52,  552,  and  2599  agglutinated  all  the  strains  to  approximately 
identical  dilutions.  The  30T  serum  agglutinated  strains  30T  and  c97/53  to  the 
titer,  and  the  rest  of  the  strains  to  one— fourth  the  titer.  Of  the  3  sera  for 
the  standard  H-antigen,  only  1  agglutinated  strains  2599,  880-67,  and  30T  to 
half  the  titer  and  the  other  2  agglutinated  them  to  just  one-eighth  the  titer. 
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It  is  possible  that  this  was  the  reason  for  the  originally  erroneous 
identification  of  the  H-antigen  of  the  880-67  strain  as  a  new  antigen  [12,  13]. 
Two-way  connections  with  other  H-antigens  of  Escherichia  were  found  only 
between  the  H-antigen  of  strains  in  the  serological  group  0151  and  the  standard 
H42  antigen. 

Table  4  contains  the  results  of  transduction  of  the  H-antigen  from  a  strain 
with  a  different  partial  structure.  Transductants  were  found  only  in  the 
absence  of  antibodies  for  the  specific  factor  of  the  donor  antigen  in  the 
selective  medium.  Three  transductant  clones  were  selected  from  each  cross  to 
study  the  H-antigen.  Adsorption  of  the  sera  for  the  donor  strain  by  the 
transductants  led  to  complete  removal  of  the  H-antibodies .  This  proves  the 
correspondence  between  the  H-antigen  of  the  transductants  and  the  H-antigen  of 
the  donor  strain. 

Table  4.  Results  of  transduction  of  flagellar  antigens  of  the  H10  group 
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1.  Donor  strain 

2.  Presence  of  antibodies  for  the  specific  H-antigen  factor  of  the  donor  in 
the  selective  medium 

3.  Diffusion  increase  in  transductants  in  the  selective  medium 

4.  Type  of  H10  antigen  in  the  transductants 

This  research  made  it  possible  to  discover  the  existence  of  7  variants  of  group 
H10  f lagellar ^ant^gens  iy  na|uraj.  strains  of  E.  coli  with  the  following  partial 
sfruc£ure:  }  ,  j  ,  J,  c  ,  c  ,  d  ,  d  (serological  groups  QlljKlO  and  08:K84); 
a  ,  a  ,  b,  c  ,  c  ,  d  ,  k  (serological  group  06:K54);  a  ,  a  ,c,  c  ,  e,  f,  g 
(^55:K59,  s|raig  B581);  a  ,  a  ,  b,  c  ,  c  ,  e,  g,  h  (055:K59,  strain  552);  a, , 
a  >  g»  i  »  i  (05:K  ,  0149:K^1,  88a»  88c,  and  055:K59,  strain  c97/53);  a  , 
c  »  ®»  g,  1  (0151 :K-) ;  and  a  ,  b,  i  ,  m  (019jK).  The  absence  of  freely 
migrating  transductant  clones  in  those  cases  when  the  selective  medium 
contained  an  antigen  for  the  specific  factor  of  the  donor  H-antigen  gives  us 
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reason  to  believe  that  the  expression  of  the  donor  specific  factor  in  the 
transductants  was  not  tied  to  cotransduction  of  any  other  genes,  except  for  the 
hag  gene,  which  would  modify  the  product  of  the  hag  gene.  This  in  turn  allows 
us  to  believe  that  the  partial  structure  of  the  H-antigens  depends  exclusively 
on  primary  structure  of  the  flagellins  that  is  coded  in  the  corresponding  hag 
alleles. 

We  cannot  ignore  the  fact  that  all  these  variants  of  antigens  in  the  H10  group 
arose  at  some  stage  in  the  evolution  of  E.  coli  as  a  result  of  mutations  in 
some  original  allele  in  the  hag  gene.  For  example,  it  is  known  that  a  fairly 
broad  spectrum  of  variants  of  antigen  i  in  salmonella  can  be  obtained  as  a 
result  of  mutations  just  in  the  Hl(i)  gene  [6,  7].  A  similar  phenomenon  was 
demonstrated  in  a  number  of  H-antigens  of  E.  coli  [2].  But  since  identical 
variants  of  group  H10  antigens  are  found  in  different  OK-groups  of  Escherichia, 
they  should  be  considered  a  stablized  and  characteristic  indication  of  certain 
serotypes.  Identification  of  variants  of  group  H10  antigens  using 
factor-specific  sera  would  certainly  be  useful  (for  epidemiological  and 
diagnostic  purposes)  in  differentiating  strain  within  serotypes;  this  is  clear 
from  the  example  of  Escherichia  055:K59:H10  or  R-form  strains.  Bacteriologists 
are  encountering  these  strains  more  and  more  frequently  in  connection  with  the 
growing  interest  in  the  etiology  of,  for  example,  urinary  tract  diseases. 

Conclusions 

1.  Flagellar  antigens  in  Escherichia,  identified  as  H10,  are  not  identical  and 
7  variants  have  been  determined  among  them  that  differ  in  terms  of  their  fine 
partial  structure. 

2.  Differences  among  variants  of  flagellins  in  the  H10  group  are  the  result  of 
differences  in  the  genetic  information  that  is  coded  by  the  corresponding 
alleles  of  the  hag  gene. 

3.  Variants  of  the  same  type  of  group  H10  flagellar  antigens  can  be  found  in 
Escherichia  of  different  0-groups,  and  different  variants  of  group  H10  variants 
can  be  found  in  Escherichia  that  are  identical  in  terms  of  their  somatic 
antigen  complex. 

4.  Identification  of  variants  of  H10  group  antigens  using  factor-specific  sera 
should  be  useful  for  detailed  differentiation  of  Escherichia  with  the  aim  of 
understanding  the  epidemiology  and  etiology  of  the  diseases  caused  by  them. 
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LETHAL  PROCESSES  IN  ESCHERICHIA  COLI  OCCURRING  DUE  TO  THEIR  DEHYDRATION  IN 
AIR  AT  DIFFERENT  HUMIDITY 
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[Article  by  V.  F.  Konyukhov,  L.  A.  Mal'tseva,  and  M.  E.  Lyayman,  Epidemiology 
and  Microbiology  Institute  imeni  N.  F.  Gamaleya  of  the  USSR  Academy  of  Medical 
Sciences,  Moscow] 

[Text]  Today  it  is  known  that  humidity  in  the  air  has  a  substantial  effect  on 
the  survival  of  viruses  and  bacteria  in  the  air.  There  are  varying  data  on  the 
extent  and  nature  of  this  effect,  but  the  majority  of  authors  note  a  heightened 
death  rate  among  bacteria  in  the  air  in  an  average  humidity  range  (50-70 
percent)  [4,  5,  9]. 

While  studying  the  effect  of  dehydration  on  the  viability  of  bacteria,  we 
established  that  the  reason  for  the  death  of  the  aerosolized  microbial  cells  is 
the  irreversibility  of  aggregation  and  conformational  changes  in  the 
macromolecules  as  a  result  of  rapid  dehydration  [1].  The  degree  of 
irreversibility  of  this  aggregation  and  the  conformational  changes  is, 
apparently,  a  function  of  the  speed  and  degree  of  removal  of  free  water  and 
hydration  water.  The  aim  of  the  present  work  was  to  use  biophysical  methods  to 
prove  the  suppositions  regarding  the  reasons  for  the  death  of  aerosolized 
bacterial  cells  at  varying  air  humidity. 

Materials  and  methods.  We  used  the  Wp-2  strain  of  E.  coli  B.  In  determining 
the  amount  of  hydration  water  in  the  cells,  we  grew  the  strain  in  Hottinger's 
medium  (aminic  nitrogen  240  mg  percent  with  0.1  percent  glucose  added);  when 
measuring  the  activity  of  beta-galactosidase,  we  grew  the  strain  in  a  minimal 
medium  1-A  [8]  (with  20  mg/ml  tryptophan  and  0.4  percent  lactose  added).  We 
incubated  the  culture  for  18  hours  at  37°C. 

We  used  the  method  described  earlier  [2]  to  aerosolize  and  determine  the 
viability  of  the  microorganisms  in  a  simulated  aerosol  state  at  three  different 
levels  of  relative  humidity — 30,  50,  and  80  percent. 

We  used  the  method  described  in  our  previous  work  to  measure  the 
characteristics  of  proton  magnetic  resonance. 
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The  amount  of  hydration  water  in  sample  cells  was  measured  by  means  of  the 
nuclear  magnetic  resonance,  using  the  method  developed  by  Kuntz  and  Kauzmann  [7] 
and  the  method  developed  by  Daszkiewicz  et  al. 

We  measured  the  dry  mass  of  bacteria  by  weighing  samples  that  were  moist  and 
samples  that  had  been  dried  in  a  drying  chamber  at  104°C. 


The  activity  of  beta—galactosidase  in  E.  coli  was  determined  in  the  original 
suspension  and  in  cells  exposed  for  15  minutes  in  a  simulated  aerosol  state  at 
the  indicated  humidity  and  at  20°C  according  to  the  method  described  by  Miller 
[8]*  For  this  aerosolization  the  cells  were  washed  from  a  glass  fiber  using  an 
0»8  percent  solution  of  NaCl,  centrifuged,  and  the  sediment  was  resuspended  in 
in  3  ml  of  the  same  solution.  We  measured  the  concentration  of  bacterial  cells 
in  the  suspension  with  a  spectrophotometer  at  a  wave  length  of  600  nm. 

Results  and  discussion.  In  previous  studies  that  used  the  nuclear  magnetic 
resonance  method,  researchers  found  evidence  of  conformational  changes  in  the 
macromolecules  of  microbial  cells  that  had  been  aerosolized  in  the  air;  in 
several  cases  this  caused  the  death  of  the  bacteria  [1].  Methods  for 
determining  the  hydration  water  in  bacteria  were  used  to  reveal  these  changes. 
The  method  developed  by  Kuntz  and  Kauzmann,  which  does  not  depend  on  measuring 
the  conformation  of  the  macromolecules,  and  the  method  developed  by  Daszkiewicz 
et  al.,  in  which  the  amount  of  hydration  water  is  estimated  by  using  the  time 
of  proton  relaxation  in  the  cell  water,  give  the  same  results  for  cells  in 
suspension.  But  if  significant  conformational  changes  take  place  in  the 
macromolecules  of  the  aerosolized  cells  compared  to  the  original  conformation, 
there  is  a  substantial  change  in  the  characteristics  of  proton  relaxation  in 
the  hydration  water.  In  this  case,  according  to  the  method  developed  by 
Daszkiewicz  et  al.,  a  value  for  the  amount  of  hydration  water  V  -  will  be 
obtained  that  depends  on  conformational  changes  in  the  macromolecules  and  is 
distinct  from  the  original  value  of  the  amount  of  hydration  water  V  ,  which  was 
obtained  according  to  the  method  of  Kuntz  and  Kauzmann.  Therefore, ^the  ratio 
can  serve  as  a  criterion  for  conformational  changes  in  the 
macromolecules  of  aerosolized  cells. 

Table  1.  The  change  in  the  V  -/V.  ratio  in  aerosolized  E.  coli  at  different 
humidity  et  k 
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2. 


V  /V  for  a  cell's  given  total  water  content  (in  grams  of  water  per  1  gram 
dry  mass)  (before) 


The  results  of  determining  the  relationship  between  quantities  of  hydration 
water  (V  /V  )  in  aerosolized  microbial  cells  are  presented  in  table  1.  The 
ratio  V  V\  ^deviates  significantly  from  1  when  the  relative  humidity  is 
betweene55  and  70  percent,  after  the  cells  contain  less  than  1.2  grams  of  water 
per  1  g  dry  mass  of  bacteria;  this  is,  apparently,  evidence  of  significant 
denaturational  changes  and  irreversible  aggregation.  At  a  relative  humidity  of 
40  or  90  percent,  V  f/V  did  not  deviate  substantially  from  1,  regardless  of 
the  amount  of  waterGremaining  in  the  cells;  that  is,  at  these  levels  of 
humidity  there  were  no  significant  conformational  changes  in  the 
macromolecules . 


We  also  confirmed  the  existence  of  conformational  changes  in  aerosolized  cells 
using  a  biochemical  method  for  studying  the  activity  of  beta-galactosidase  in 
aerosolized  cells  at  varying  relative  humidity.  This  enzyme  was  chosen  as  a 
model  for  a  protein  macromolecule  because  there  is  a  convenient  and  sensitive 
method  for  analyzing  its  structural  integrity  [3].  The  enzymatic  activity  of 
beta-galactosidase  was  used  as  the  criterion  for  structural  integrity  of 
bacterial  macromolecules  after  aerosolization;  this  was  measured  as  a 
percentage  of  its  activity  before  aerosolization,  since  it  is  well  known  that  a 
change  in  the  activity  of  an  enzyme  occurs  as  a  result  of  conformational 
changes  or  destruction  of  its  oligomeric  structure.  Table  2  contains  a  summary 
of  the  results  of  measuring  the  activity  of  beta-galactosidase  in  E.  coli, 
aerosolized  at  relative  humidity  ranging  from  30  to  80  percent.  The  results 
show  that  beta-galactosidase  was  least  active  in  microbial  cells  that  were 
aerosolized  at  a  humidity  of  about  50  percent  (this  level  had  the  maximum 
harmful  effect);  with  an  increase  and  decrease  in  humidity  the  activity  rose 
and  reached  its  maximum  level  at  a  relative  humidity  of  80  percent,  when  the 
survival  rate  was  highest  under  the  experimental  conditions.  Consequently,  the 
activity  of  beta-galactosidase  corresponds  to  the  survival  rate  of  E.  coli  at 
varying  levels  of  humidity. 

Table  2.  Survival  of  E.  coli  and  activity  of  beta-galactosidase  after  the 
microorganism  is  exposed  to  air  of  varying  humidity  for  15  minutes 
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Thus,  the  experiments  with  beta-galactosidase  confirmed  that  when  microbial 
cells  are  put  into  aerosol  form  there  are  significant  conformational  changes  in 
their  macromolecules  that  depend  on  the  rate  of  dehydration. 

The  results  of  our  previous  study  of  dehydration  in  aerosolized  cells  [1]  and 
data  obtained  in  the  present  study  provide  us  with  a  basis  for  the  following 
description  of  one  of  the  mechanisms  involved  in  the  death  of  microbial  cells 
under  these  conditions. 

When  the  relative  humidity  range  is  50-100  percent:  As  more  water  is  removed 
from  an  aerosolized  cell,  the  concentration  of  proteins  and  salts  in  the  cell 
rises.  Starting  at  a  certain  level  of  dehydration  the  proteins  undergo 
conformational  changes  and  aggregation  in  an  aqueous  solution.  These  processes 
are  accompanied  by  an  initial  increase  in  the  amount  of  hydration  water  in  the 
bacteria. .  With  further  dehydration  a  balance  is  reached  between  the 
atmospheric  humidity  and  the  intracellular  water.  The  preservation  of  or 
change  in  the  native  conformation  of  macromolecules  in  bacterial  cell  and  the 
cell's  viability  depend  on  the  rate  of  dehydration  and  the  amount  of  hydration 
water  that  remains. 

When  E.  coli  cells  are  dispersed  in  air  that  has  a  relative  humidity  of  between 
70  and  100  percent,  the  rate  of  evaporation  from  the  microbial  cells  is 
relatively  low.  After  the  initial  increase,  the  amount  of  hydration  water  in 
the  cells  decreases  to  the  level  that  the  cells  had  in  the  suspension.  All 
this  helps  to  preserve  the  native  conformation  of  the  macromolecules  and  the 
development  of  reversible  processes  in  those  cells  in  which  conformational 
changes  and  aggregation  took  place.  Evidence  of  this  can  be  seen  when  the 
value _Vef/V  is  close  to  1,  and  also  when  the  indicators  of  beta-galactosidase 
activity  and  the  survival  of  microbial  cells  in  the  air  are  high. 


When  microbial  cells  are  dispersed  into  air  with  humidity  between  50  and  70 
percent,  reversible  aggregation  and  conformational  changes  occur  during  the 
first  dehydration  period,  when  the  total  water  content  in  the  cells  exceeds 
1.2  g  of  water  per  1  g  of  dry  mass.  This  is  indicated  by  a  value  of  V  /V 
that  is  close  to  1.  Further  dehydration  of  cells,  when  their  total  waflr  k 
content  drops  below  1.2  g  of  water  per  1  g  of  dry  mass,  causes  irreversible 
conformational  changes  in  and  aggregation  of  the  macromolecules.  This  is 
indicated  by  a  value  of  V^/V.M ,  a  decrease  in  the  activity  of 
beta-galactosidase,  and  an  increase  in  the  rate  at  which  the  microbial  cells 
die  m  the  air.  Irreversible  conformational  changes  in  the  macromolecules 
probably  occur  after  the  removal  of  the  free  water  and  part  of  the  hydration 
water;  the  volume  of  hydration  water  should  still  be  adequate  to  maintain 
intramolecular  mobility  of  the  macromolecules.  In  this  case,  removal  of  part 
of  the  hydration  water  opens  up  reaction-capable  groups  of  molecules  and 
preservation  of  the  intramolecular  mobility  promotes  formation  of  undesirable 
bonds  between  these  groups,  and  consequently,  irreversible  conformational 
changes  and  aggregation  become  possible.  Therefore,  the  largest  amount  of 
irreversible  conformational  changes  and  aggregation  should  occur  at  some 
critical  relationship  between  the  water  that  has  been  removed  and  that  which 
remains,  and  at  some  optimal  rate  of  evaporation.  Apparently,  for  E.  coli  this 
critical  ratio  is  a  relative  humidity  of  50  percent.  We  should  point  out  that 
macromolecules  undergo  irreversible  conformational  changes  not  only  at  the  end 
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of  the  dehydration  process  when  all  the  free  water  has  already  been  removed, 
but  also  earlier  on,  as  a  result  of  irregularity  in  the  dehydration  process. 

When  the  relative  humidity  is  between  30  and  40  percent:  Apparently,  when  the 
relative  humidity  is  40  percent  the  rate  of  dehydration  is  higher  than  the 
critical  level  and  the  free  water  and  part  of  the  hydration  water  are  removed 
so  rapidly  that  the  "almost  dry11  macromolecules  aggregate  among  themselves; 
the  rapid  removal  of  a  significant  quantity  of  hydration  water  causes  a  sharp 
decrease  in  the  intramolecular  mobility  of  the  macromolecules,  which  hinders 
conformational  changes  and  preserves  the  native  conformation  of  the 
macromolecules.  The  small  number  of  conformational  changes  and  the  "dry" 
aggregation  are  evidenced  by  the  absence  of  an  increase  in  the  amount  of 
hydration  water  in  the  microbial  cells  at  the  beginning  of  dehydration,  by  the 
value  V  f/Vk  being  close  to  1,  and  a  higher  level  of  activity  of 
beta-gaf actosidase  than  observed  when  the  relative  humidity  is  50  percent. 
Therefore,  the  smaller  number  of  conformational  changes  contributes  to  a 
survival  rate  that  is  higher  when  the  relative  humidity  is  between  30  and  40 
percent  than  when  it  is  50  percent. 

Webb  [9]  observed  a  strong  survival  rate  among  E.  coli  at  a  low  humidity  in 
experiments  in  which  a  suspension  of  bacterial  cells  were  dispersed  in  an 
atmosphere  of  nitrogen  with  differing  relative  humidity  in  the  absence  of  air. 
He  showed  that  the  humidity  of  the  air  serves  as  a  good  protector  against  the 
lethal  effect  of  oxygen,  which  is  toxic  only  when  the  humidity  is  low.  In  our 
experiments  we  aerosolized  E.  coli  in  a  air  medium  with  a  relative  humidity  of 
30  percent  and  with  2  factors  operating  on  the  microbial  cells — dehydration  and 
the  oxygen  in  the  air.  Therefore,  at  a  relative  humidity  of  30  percent  we 
found  the  survival  of  the  E.  coli  cells  to  be  lower  than  it  would  be  as  a 
result  of  dehydration  alone. 

The  results  of  the  research  show  that  the  irreversible  conformational  changes 
that  occur  as  a  result  of  rapid  dehydration  are  some  of  the  important  lethal 
processes  in  aerosolized  bacteria.  These  changes  can  lead  to  a  disruption  in 
the  activity  of  many  enzymes  or  to  a  total  loss  of  activity  and  to  unbalanced 
metabolic  processes ,  which  in  turn  leads  to  the  death  of  the  microbial  cells. 

One  should  keep  in  mind  that  irreversible  conformational  changes  in  bacterial 
macromolecules  can  also  be  caused  by  rehydration  when  bacteria  are  transferred 
to  a  fluid  medium,  but  there  are  still  no  methods  for  studying  this  process, 
since  the  bacteria  must  be  resuspended  before  its  viability  can  be 
demonstrated. 

Conclusions . 

1.  The  activity  of  beta-galactosidase  in  aerosolized  E.  coli  cells  depends  on 
the  moisture  in  the  air  and  is  directly  proportional  to  the  viability  of  the 
microbial  cells  under  these  conditions. 

2.  The  death  of  E.  coli  cells  in  air  is  caused  by  irreversible  conformational 
changes  and  aggregation  of  their  macromolecules. 
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[Article  by  G.  P.  Aparin  and  T.  I.  Vershinina,  Antiplague  of  Siberia  and  the 
Far  East  Scientific  Research  Institute,  Irkutsk] 

[Text]  The  survival  phenomenon  described  by  Ginsburg  [3,  4]  consists  of  isolated 
microbes  of  the  anthrax  agent  losing  their  ability  to  cause  this  lethal 
infection  in  guinea  pigs  when  they  are  given  one  injection  with  10  microbes  of 
the  vaccine  strain.  The  survival  phenomenon  has  been  studied  in  experimental 
plague  [5,  6,  8]  and  tularemia  [7].  It  is  used  to  prove  the  harmlessness  of  live 
vaccines  when  there  is  possible  spontaneous  reversion  of  virulence  in 
individual  microbes  in  a  population  of  the  vaccine  strain. 

The  aim  of  the  present  study  was  to  develop  a  method  for  making  a  quantitative 
evaluation  of  the  survival  phenomenon,  and  to  study  its  specificity  and 
possible  correlation  to  the  immunogenicity  of  an  avirulent  strain. 

Materials  and  methods.  We  used  Yersinia  pestis  strains:  thg  virulent  strain 
was  the  P1300  (Dei  for  white  mice  with  1CT  microbes  and  8*10  microbes  for 
guinea  pigs);  the  avirulent  strains  were  the  EV  NIIEG,  the  vaccine,  P1300  P-, 
the  strain  selected  from  the  P1300  strain  in  a  synthetic  medium  with  hemin  [11], 
EV  5  FI-  Penr  Trp-,  a  strain  obtained  from  the  "Microbe"  All-Union  Antiplague 
Institute,  926  Otten,  P1300  Ca+,  a  strain  selected  from  the  P1300  strain  in  a 
medium  with  a  deficiency  of  calcium  at  a  culture  temperature  of  37°  [10],  12377 
Rha+  Aga-,  isolated  in  the  Gorno-Altay  plague  nidus;  strains  virulent  in  white 
mice  but  avirulent  in  guinea  pigs  were  the  12885  Rha+  Aga—  from  Gorno— Altay  and 
12785  Rha+  Aga-  from  northwestern  Mongolia.  We  also  used  the  Yersinia 
pseudotuberculosis  54,  Yersinia  entercolitica  104,  and  Escherichia  coli  K-12. 

A  quantitative  evaluation  of  the  effect  of  the  survival  phenomenon  was  made  as 
follows.  Mixed-breed  white  mice  were  infected  with  a  mixture  of  suspensions  of 
virulent  and  avirulent  strains  in  a  physiological  solution,  using  a 
subcutaneous  injection  of  0.5  ml.  The  suspensions  were  diluted  so  that  each 
mixture  contained  10  microbes  of  the  avirulent  strain  and  the  number  of 
microbes  of  the  virulent  strain  was  equal  to  the  Del  (1,  2,  3,  4,  Del,  etc.) 

The  white  mice  infected  with  each  mixture  were  divided  into  groups  depending  on 
the  Del  number  of  each  virulent  strain.  Each  group  contained  10  animals. 

Between  60  and  100  mice  were  used  to  test  each  avirulent  strain.  In  each 
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experiment  10  white  mice  were  used  for  the  control  value  of  the  Del  of  the 
P1300  strain,  and  the  avirulence  of  the  corresponding  strain  was  tested  by 
infecting  10  white  mice  with  a  dose  of  10'  microbes.  The  infected  animals  were 
observed  for  21  days.  The  test  results  were  used  to  calculate  the  LD 
indicator  of  the  virulent  strain  introduced  with  the  avirulent  strain^and  it 
was  described  by  means  of  the  Del  number.  The  greater  the  survival,  the  higher 
the  LD5q  number.  The  ED^q  was  determined  to  describe  the  immunogenic ity  of  the 
avirulent  strains  of  the  plague  microbe  [2],  using  40  white  mice  for  each 
strain. 

In  the  experiments  with  guinea  pigs  the  LD  was  determined  using  the  same 
methods.  The  dose  of  avirulent  culture  in  the  mixture  was  10  microbes.  The 
mixture  of  cultures  was  introduced  subcutaneously  in  each  animal  in  a  1  ml 
physiological  solution.  Forty  guinea  pigs  were  infected  with  a  suspension  of 
each  strain  with  a  chosen  virulence  mixed  with  a  culture  of  the  P1300  strain. 

In  all  the  experiments  the  LD  and  ED.,  indicators  were  analyzed 
statistically  [9].  50  50 

Results  and  discussion.  Table  1  contains  the  LD.  indicators  of  the  P1300 

introduced  into  white  mice  in  a  mixture  with  strains  of  avirulent  plague 
microbes.  Yersinia,  and  intestinal  bacilli;  and  the  ED  indicators  that 
describe  the  immunogenic ity  of  avirulent  strains  of  plague  agents. 


When  using  different  avirulent  strains  to  reproduce  the  survival  phenomenon, 
different  numbers  of  white  mice  died,  which  was  reflected  in  the  LD 
indicators  of  Y.  pestis  P1300.  The  highest  values  for  LD..  were  obtained  when 
the  strains  of  P1300  P-  and  EV  NIIEG  were  used.  The  LD  indicators  obtained 
in  the  tests  with  these  strains  differed  substantially  from  the  corresponding 
indicators  in  other  tests.  Low  values  correspond  to  high  LD.  values. 

The  ED^q  values  do  not  exceed  10  microbes,  which  is  evidence  of  the 
immunogenic ity  of  the  P1300  P-  and  EV  NIIEG  strains  [2].  The  ED  indicator  in 
the  12377  strain  with  a  lower  immunogenic ity  is  4.7  times  higher  than  in  the  Y. 
pestis  EV  NIIEG,  while  the  LD_.  indicator  in  reproducing  the  survival 
phenomenon  with  the  given  strain  is  ten-sixtythirds  of  the  corresponding 
indicator  in  the  experiment  with  the  EV  NIIEG  strain.  In  the  latter  case  the 
difference  is  statistically  significant. 


In  reproducing  the  survival  phenomenon  in  experiments  with  non immunogenic 
strains  of  the  plague  microbe  (EV  5,  926,  P1300  Ca+),  a  significant  number  of 
white  mice  died;  low  values  for  LD  contributed  to  this.  The  ED.  indicators 
for  these  strains  are  very  high.  30  50 

Therefore,  when  reproducing  the  survival  phenomenon  the  LD  indicator  of  the 
strain  can  serve  as  an  accurate  criterion  for  the  immunogenic ity  of 
the  avirulent  strain.  The  advantage  of  using  the  LD.q  criterion  is  that  it 
cuts  in  half  the  time  needed  to  determine  the  immunogenic ity  and  the  two— stage 
infection  of  the  animals  can  be  replaced  by  a  one-stage  infection  process. 

The  virulent  strain  of  P1300  is  genetically  similar  to  the  avirulent  strains 
P1300  P-  and  P1300  Ca+.  The  LD...  indicators  in  tests  with  the  two  latter 
strains  differed  significantly  (P<0.001).  In  the  process  of  population 
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variability  in  a  culture  of  the  P1300  strain,  cells  appear  with  properties  of 
the  P1300  P-  and  P1300  Ca+  strains.  When  the  avirulent  immogenic  P-  cells 
accumulate  they  can  reduce  the  virulence  of  the  original  strain  significantly, 
while  the  avirulent  immunogenic  Ca+  cells  have  a  very  weak  effect  on  the 
virulence  of  the  original  strain. 

Table  1.  Quantitative  evaluation  of  the  survival  phenomenon  in  white  mice 


noKaaaTe^b  LD,0 
(b  Del  AJifl  Cejibix 
Mbi inert)  Y.  pestis 

p  no  oTHomeH h k> 

HMMyHOreHHOCTb  UJTaMMOB  Y.  pestis 

.  _  on _ 

LiiTaMM  (  1  ) 

P 1300,  BBeAeH- 
Horo  B  CMeCH  c 
ApyrHMH  uiTaMMa- 
MH,  h  npeAe.nw  ero 
,  KOJie6aHHft 

(2) 

k  peayjibTaTy 
onbiTa  c  hcno.rib- 
30B3HHeM  Y. 
pestis  EB  HHH3r 

(3) 

noKa3aTe;ib  ED50  h 
npeAe^ibi  ero  Kotne- 
CaHHft  (MHCJIO  MHK- 
£  f-  ^  po6oa) 

P  no  OTHomeHHio 
k  ED60  Y.  pestis 
^  HHH3r 

Y.  pestis  EB  HHH3r  (  7  ) 

Y.  pestis  PI 300  P“ 

Y.  pestis  H2377  (8) 

Y.  pestis  EB  5  (EV  5  ) 

Y.  pestis  926  OrreHa^g^ 

Y.  pestis  P1300  Ca* 

Y.  pseudotuberculosis  54 

Y.  enterocolitica  104 

E.  coli  K-12 

233,8 

(171,4—318,4) 

>256,0 

36,8 

(26,7—50,7) 

6,1 

(4, 5-8, 4) 

3,3 

(2,5— 4,4) 

2,6 

(2,2— 3,3) 

5,1 

(3, 7-7, 2) 

2.5 
(2-3,3) 

1.5 

(1,3-1, 8) 

>0,05* 

<0,01 

<0,001 

<0,001 

<0,001 

<0,001 

<0,001 

<0,001 

7  478 

4  157—13  450 
l  994 
128—3  185 

35  230 

17  320—76  630 
350  100 

184  000—666  500 
>3  125  000 

>3  125  000 

He  H3yMajiacb(  "|  Q 

»  » 

»  » 

>0,05 

>0,05 

<0,01 

<0,001** 

<0,001** 

) 

*  Compared  to  LD  .  in  corresponding  experiments 
**  Compared  to  El^^  from  the  ED ^ ^  in  the  EV  NIIEG  strain 

Key: 

1.  Strain 

2.  The  LD,_q  indicator  (in  Del  for  white  mice)  for  Y.  pestis  P1300,  introduced 
in  a  mixture  with  other  strains,  and  the  limits  of  its  fluctuations 

3.  P  in  terms  of  the  result  of  the  experiment  using  Y.  pestis  EV  NIIEG 

4.  Immunogenic ity  of  Y.  pestis  strains 

5.  The  ED_n  indicator  and  the  limits  of  its  fluctuations  (number  of  microbes) 

6.  P  in  terms  of  ED_  in  Y.  pestis  EV  NIIEG 

7.  Y.  pestis  EV  NIIEG 

8.  Y.  pestis  12377 

9.  Y.  pestis  Otten  926 

10.  Not  studied 

The  survival  phenomenon  was  also  obtained  when  yersinoses  and  intestinal 
bacillus  agents  were  used  as  the  avirulent  cultures,  and  the  LD_n  indicators 
were  low.  They  differed  significantly  from  the  corresponding  indicators  in  the 
EV  NIIEG  and  P1300  P-  immunogenic  strains  of  the  plague  microbe.  However,  when 
comparing  the  results  of  the  tests  using  Y.  pseudotuberculosis  54,  and  Y. 
enterocolitica  104  with  the  results  of  tests  in  which  nonimmunogenic  strains  of 
plague  agents  were  used,  there  were  no  significant  differences  in  the  LD,_q 
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values  (P>0.05).  The  LD^Q  indicator  obtained  in  the  experiment  with  intestinal 
bacillus  differed  significantly  from  the  analogous  indicator  obtained  when  Y. 
pestis  EV  5,  Y.  pseudotuberculosis  54,  and  Y.  pestis  926  were  used,  but  it  did 
not  differ  significantly  from  the  LD,.  indicator  obtained  in  experiments  using 
Y,  pestis  P1300  Ca+  and  Y.  enterocolitica  104. 

Therefore,  the  survival  phenomenon  is  not  strictly  specific.  It  is  also 
reproduced  with  heterogenous  avirulent  cultures.  Under  natural  conditions  it 
is  likely  that  animals  are  infected  by  nonpathogenic  microflora.  Apparently  in 
these  cases  the  effect  of  the  survival  phenomenon  will  hinder  the  development 
of  the  plague  infection. 

There  is  better  reproduction  of  the  survival  phenomenon  with  plague  in  white 

8u^nea  Pigs  [1 ] •  Tests  were  conducted  on  guinea  pigs  to  study  the 
ability  of  the  strains  with  selective  virulence  to  elicit  the  survival 
phenomenon  in  animals  not  sensitive  to  those  strains.  The  test  results  are 
presented  in  table  2. 


Table  2, 


A  quantitative  evaluation  of  the  survival  phenomenon  in  guinea  pigs 


(2  JnoKa3aTejib 
^D50(bDcI 

AJlfl  MOPCKHX 
CBHHOK)  Y. 

UJTaMM/  a  \  pestis  PI300, 
mTaMMf  \  BneAeHHoro 

X  '  B  CMeCH  c 

ApyrHMH 
UJTOMMaMH  H 
npeAejiw  ero 

- _ Ko/ie6aHHH 

Vbhmm^  (4)  0,59 

V.  pestis  H2885(5  )  *  0,85* 

Y.  pestis  H2785  (  6  |  °’6fel’12 
0,24—0,44 


P  no  OTHO- 
[  ineHM  k>  k  pe  - 
3yjibTaTy  onw- 
Ta  c  Hcnojib- 
30Ba  HHCM 
Y  pestis 
EB  HHH3f 


1.  Strain 

2.  LD5  indicator  (in  Del  for  guinea  pigs)  Y.  pestis  P1300,  introduced  in  a 
mixture  with  other  strans  and  the  limits  of  its  fluctuation 

3.  P  in  terms  of  the  result  of  the  experiment  using  Y.  pestis  EV  NIIEG 

4.  Y.  pestis  EV  NIIEG 

5.  Y.  pestis  12885 

6.  Y.  pestis  12785 

By  comparing  the  data  in  tables  1  and  2,  we  see  that  the  quantitative 
indicators  of  the  survival  phenomenon  in  experiments  with  the  EV  NIIEG  strains 
m  white  mice  are  396  times  higher  than  in  guinea  pigs. 

In  the  experiments  with  the  12885  and  12785  strains  the  quantitative  indicators 
™  ?T^V1Val  P^en°menon  were  practically  the  same  as  in  the  experiment  with 
the  EV  NIIEG  strain  (P>0.05).  The  strains  that  were  avirulent  in  guinea  pigs 
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in  a  number  of  cases  turned  out  to  be  capable  of  preventing  the  development  of 
a  plague  infection  cuased  by  strains  with  a  universal  virulence. 

Conclusions 

1.  We  have  suggested  a  method  for  making  a  quantitative  evaluation  of  the 
effect  of  the  survival  phenomenon  by  determining  the  LD,.q  indicator  of  the 
virulent  strain  introduced  in  white  mice  or  guinea  pigs  in  a  mixture  with 
avirulent  strains. 

2.  In  experiments  on  white  mice,  a  clear  inverse  correlation  was  traced 
between  the  ED^n  indicators  of  avirulent  strains  of  the  plague  microbe  used  to 
reproduce  the  survival  phenomenon  and  the  criterion  for  LD^  that  describes  the 
effect  of  this  phenomenon.  The  latter  can  be  used  for  an  accelerated 
definition  of  the  immunogenic ity  of  avirulent  strains  of  the  plague  agent, 

3.  A  low  level  of  specificity  was  demonstrated  for  the  survival  phenomenon  in 
the  presence  of  plague.  Cultures  of  yersiniosis  agents  did  not  differ  from 
avirulent  non immunogenic  strains  of  the  plague  microbe  in  terms  of  the 
quantitative  characteristics  of  the  survival  phenomenon  that  they  cause. 

4.  The  accumulation  of  immunogenic  avirulent  cells  in  a  culture  of  a  virulent 
strain  of  a  plague  agent  decreases  its  pathogenic  action  more  than  the 
accumulation  of  nonimmunogenic  avirulent  cells. 

5.  We  have  confirmed  data  on  the  relatively  weak  effect  of  the  survival 
phenomenon  in  guinea  pigs.  Strains  with  a  selective  virulence  for  white  mice 
elicit  a  survival  phenomenon  effect  in  guinea  pigs  with  the  same  quantitative 
characteristics  as  the  EV  NIIEG  strain. 
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ATTEMPT  AT  REVEALING  HOST  SPECIFICITY  SYSTEMS  IN  YERSINIA  PESTIS 

Moscow  ZHURNAL  MIKROBIOLOGII ,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  (manuscript  received  10  Feb  83)  pp  33-36 

[Article  by  G.  V.  Demidova,  V.  P.  Zyuzina,  and  V.  I.  Tynyanova,  Antiplague 
Scientific  Research  Institute,  Rostov  on  Don] 

[Text]  We  made  an  attempt  earlier  to  reveal  the  host  specificity  systems  in 
various  strains  of  plague  agents.  We  tested  modification-restriction  (m-r) 
enzymes  using  a  mild  H  bacteriophage  [2].  When  working  with  this  method  we  did 
not  see  the  action  of  the  restriction  endonucleases  either  in  cross  titration 
of  the  phage  between  the  Yersinia  pestis  strains  EV,  1,  17,  556,  1300,  773  or 
when  infecting  them  with  the  phage  modified  by  the  m-r  systems  of  Escherichia 
coli  type  K,  B,  RI  and  RII.  Since  the  restriction  activity  is,  as  a  rule,  used 
to  determine  the  presence  of  the  m-r  enzymes  in  bacteria,  (methylases  do  not 
have  their  own  selection  methods),  it  would  be  logical  to  suppose  that  the 
strains  of  Y.  pestis  being  studied  are  without  host  specificity.  However,  for 
a  final  conclusion  it  was  necessary  to  confirm  the  results  that  were  obtained 
using  other  experimental  approaches.  With  this  aim,  in  the  present  study  we 
used  conjugation  and  transformation  methods.  The  success  of  transfer  of 
plasmid  DNA  using  these  methods  depends  on  several  factors:  the  compatibility 
of  specific  genomes  in  the  cell,  the  recipient  bacteria  overcoming  the  barrier 
of  the  cell  wall,  the  action  of  the  restriction  endonucleases,  and  the 
possibility  for  expression  of  genes  that  are  being  carried  by  the  given 
plasmid.  When  there  is  proper  matching  of  partners  in  the  crossing,  the  number 
of  limiting  factors  is  reduced  to  one — the  action  of  the  restriction 
endonucleases.  In  this  case  the  frequency  of  a  plasmid's  transfer  can  serve  as 
a  measure  of  identity  of  the  m-r  systems  of  its  previous  host  and  its  present 
host. 

Materials  and  methods.  In  this  study  we  used  strains  of  the  E.  coli  bacterial 
bacilli  (which  were  kindly  provided  by  Ya.  I.  Bur'yanov  of  the  Biochemistry  and 
Physiology  of  Microorganisms  Institute  of  the  USSR  Academy  of  Sciences, 
Pushchino);  E.  coli  C600  thr,  leu,  thi,  lac,  r+,m+^;  E.  coli  803  gal,  met, 
r-  m-  ;  E.  coli  707  gal,  met,  r+  m+fi;  E.  coli  834  gal,  met,  r-^m-^,  Y.  pestis 
EV  1290,  conjugated  plasmid  R222Cm,  Sm,  Su,  Tc;  and  unconjugated  plasmid  RSF 
2121  Ap.  The  R222  plasmid  was  conjugated  with  Y.  pestis  and  E.  coli.  When  the 
recipient  was  the  Y.  pestis  EV  1290  strain,  and  the  donors  were  E.  coli  strains 
with  different  m-r  systems,  fluid  cultures  of  donor  and  recipient  bacteria  were 
mixed  at  a  ratio  of  1:5.  Selection  was  performed  on  the  basis  of  resistance  to 
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polvrovxinlneinn^hCOUnter^e^eCt^°tl  "aS  d°ne  °n  the  basis  of  «3iet,„ce  to 
donor  ^the  EV  ^90  strnin  was  the 

tetrncycUne  and  countarselaction  wan  baied  on  “ 

both  cases  the  crossing  was  done  at  37°C  over  the  course  of  3  hours  The 
effectiveness  of  conjugation  was  determined  as  the  ratio  between  the  number  of 

react  ion  ^mixture?"**  "“"h"  Vi‘ble  C€US  °f  the  “"P-nt  in  1  ml  of  the 

to6th“  alhcTdes'crlTby  GuZy  [6Tld"f  Ootemined  according 

ef fectiveness^of  tL^iSr^ana^rpL^irwaf'^L^t^'afth1"8 

the  mixture?^  tr“Sf""8"ts  —  total  number  of  viable  bacu^perl T.f 

'I::  s:r:;;r R222  uas  transfe"ed  c»  *•  e* 


H.  coli 


Y.  pestis  EV. 


tri'aferof^hl  »3%T So-ent  «,ade  it  poaaible  to  compare  the  frequency  of  the 
to  the  m-r  attain  J 

experiments  and  shows  that  the  effectiveness  of  the  transfer  of  the  R222 

::  Pes^s  EV  bacteria  are  not  able  to  distinguish  the  type  of 
modification  of  foreign  DNA.  ype  1 

JT'SSVT  t°o^  ^  that 

table  2.  If  E.  coli  C600  (rl  me  )  and  E.  coli  707  (rfm*  )  servens1" 
recipients,  no  transconjugates  were  obtained.  B  B 

In  testing  m-r  enzymes  using  the  conjugation  method  to  prove  the  presence  of 

p  °l  lle  V  en*ymes  activity,  as  a  result  of  which  the  effectivenss 

o  transfer  of  the  plasmid  genome  into  the  cells  increases  si»nifi«nH 
comparison  with  the  control  variant  [7].  gnificantly  in 
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Table  !•  Frequency  of  conjugation  transfer  of  the  R222  plasmid  from  the  E. 
coli  C,  C600  and  707  strains  to  the  Y.  pestis  EV  strain. 


X?  onwTa 

(1) 

E.  coli  CX  Y .  pestis  EV 

E  coli  C600  (>K~mj!")X  Y.  pestis 
EV 

E.  coli  707  (r+  tn*)y 

Y.  pestis  EV 

qHC.no  Tpa h - 
CKOHT>K>raH  - 

(  2  )TOB 

3(t)(i>eKTHBHOCTb 

KOH'blpraUHB 

(3) 

mhcjio  Tpan- 
CKOHTalOraH  - 

(4)T0B 

3(})(j)eKTHBHOCTb 

KOH^Igry*HH 

MHC.no  Tpa HC  - 
kohtj  icraHTOB 

(6) 

3(})4>eKTHR- 
HOCTb  KOHM 
.  torauHH 

(?T 

1 

8 

8- 10— 7 

6 

6- 10— 7 

26 

2,6- 10~*; 

2 

8 

8-10-7 

51 

5*10-9 

27 

2,7*  10_B 

3 

10 

M0-® 

51 

5*  10-9 

37 

3,7*  10~8 

4 

15 

I.5-10-6 

51 

5*!0-9 

38 

3,8*  10-6 

5 

15 

1 ,5- 10-9 

77 

7,7*  10-9 

38 

3,8*10-* 

6 

18 

1,8*10-* 

77 

7,7*  10-9 

39 

3.9*  10-6 

7 

21 

2* 10-9 

77 

7,7*  10-8 

41 

4*  10-6 

8 

23 

2,3- 10-9 

77 

7,7*  10_fl 

48 

4,8*  10~s 

9 

28 

2,8- 10-9 

84 

8,4- 10-® 

49 

4,9*  10-6 

10 

78 

7,8- 10-9 

89 

8,9- 10-6 

49 

4,9- 10-^ 

11 

78 

7,8- 10-9 

101 

M0~5 

51 

5,1- 10— « 

12 

93 

9,3- 1 0-9 

102 

MO”6 

51 

5, MO-'1 

13 

107 

MO-9 

110 

1,1-10—* 

54 

5,4-10-“ 

14 

111 

1,1*10— 9 

115 

1,2- 10-5 

54 

5,4*  10~“ 

15 

121 

1 ,2- 10— s 

125 

1,25*  10-5 

67 

** 

6,7- 10-,: 

7 

Note:  The  effectiveness  of  the  conjugation  is  based  on  1#10  viable  cells. 
The  statistical  analysis  of  the  results  was  done  according  to  the  method  for 
evaluating  the  sign  criterion  [1]. 

Key: 

1.  Experiment  number  5.  Effectiveness  of  conjugation 

2.  Number  of  transconjugates  6.  Number  of  transconjugates 

3.  Effectiveness  of  conjugation  7.  Effectiveness  of  conjugation 

4.  Number  of  transconjugates 


Table  2.  Frequency  of  conjugation  transfer  of  plasmid  R222  from  the  Y.  pestis 
EV  strain  to  the  E.  coli  strains  C600  (r+^m+^),  707  (r+^m+g),  C,  803  (T-gin-^)* 


X?  onbua 

(D 

(  2  )^4>eKTHBH0CTb  njiasMHAbi  R222  ot  uiTaMMa  Y.  pestis  EV  niTa mmsm: 

E.  coli  C 

E.  col!  834 

E.  coli  803 

E.  coli  C600 

E.  coli  707 

1 

2- 10-9 

4- 10— 9 

1,2- 10— 7 

0 

0 

2 

4*10-» 

3- 10-® 

5*10-’ 

0 

0 

3 

2-10-9 

5-10-9 

3*  10- 7 

0 

0 

Key: 

1.  Experiment  number 

2.  Effectiveness  of  transfer  of  the  R222  plasmid  from  the  E.  coli  strain  to 
the  Y.  pestis  EV  strain. 
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lL°ULeX?erimeT\the  h6at  treatment  applied  to  the  bacteria  did  not  increase 

E^2^rn2n1t,Met3rrfer  °f  the  R222  PlSS"id  int°  “US  °£  «“  »££ 

E?bJoli'c600e(r!f^t!VueSS  of  the  R222  plasmid  from  the 

before  mSfaftHClt  ^  ^  Y‘  >*stis  EV  ««»•• 


,  (D 

'  Hcc^eAOBaHHe 


JK0HTP0flb(5)  20 
OnhiT  M  1(6)  50 

KoiiTpo.ib(  7  )  20 

tOnuT  Ns  2  (ft)  50 

.  JVOHTpo.lh  (  9  )  20 

|L  ,  50 

|OnbiT  As  3  (  1  0)  50 


«U  0  ‘ 

So  OS 
Era  a  o 

go  a 

tZ  >>  o>  co  x  | 
H  h  mas  I 


3<J>4>eKTHBHOCTb 

KoirbiorauHH 


M0-« 

2.5-  10-0 
2- 10 — 6 

5.5-  lo-6 

1 .5-  10-* 
5*  10— 8 

1-  10— 6 
8,5*10-e 

2-  1(M 


Group  being  studied 
Temperature,  °C 

Duration  of  heat  treatment,  min 
Effectiveness  of  conjugation 
Control 


6.  Experiment  No  1 
7.  Control 
8*  Experiment  No  2 
9*  Control 
10.  Experiment  No  3 


We  also  made  an  attempt  to  reveal  the  host  specificity  system  in  Y  nPcH  = 

one”!  *i6  n°jc°njug?tive  plasmid  RSF  2124  and  the  transformation  Method  In 
one  series  of  experiments  we  used  the  following  pattern- 


E.  coli  C600  (RSF  2124) - 1 

Y.pestis  EV  (RSF  2124) _ H  Y‘  pei 

and  in  the  other  series  we  used  this  pattern: 


Y.  pestis  EV, 


E.  coli  C600  (RSF  2124)- 
Y.  pestis  EV  (RSF  2124)_ 


E.  coli  C600. 


RSF^I?!  ^  5-^°n^ain  the.results  that  were  obtained.  As  table  4  shows  the 
transfer  frequency  of  the  same  DNA  isolated  from  Y.  pestis  (fee  table  5)! 
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Table  4.  A  comparison  of  the  effectiveness  of  the  transfer  of  the  DNA  of 
plasmid  RSF  2124,  isolated  from  the  Y.  pestis  EV  and  E.  coli  C600  bacteria 


a 

c 

o 

£ 

qHC/IO  TpaHCtfcOpMaHTOB^  ^ 

) 

AHK  nJi33MH- 
AU  RSF  2124 
H3  Y.  pestis 

EVr^ 

AHK  njia3MH- 
Au  RSF  2124 
H3  E.  COH 

iar°._ 

YTTt  —  Vnt 

<HJ1H>  l  »  4 

or 

1 

2 

113 

i 

118 

0,3  <1,4 

58 

73 

0,9  <1 ,4 

3 

43 

33 

0,9  <1,4 

4 

12 

14 

0,2  <1,4 

Note-  Here  and  in  table  5:  The  number  of  transformants  is  calculated  per 
riO8  viable  cells  of  Y.  pestis  EV;  the  results  were  analyzed  statistically. 

Key: 

1.  Experiment  number 

2.  Number  of  transformants 

3.  The  DNA  of  the  RSF  2124  plasmid  from  Y.  pestis  EV 

4.  The  DNA  of  the  RSF  2124  plasmid  from  E.  coli  C600 

Table  5.  A  comparison  of  the  effectiveness  of  the  transfer  of  DNA  of  the  RSF 
2124  plasmid,  isolated  from  the  Y.  pestis  EV  and  E.  coli  C600  bacteria,  to  the 
E.  coli  C600  strain 


H 

a 

c 

o 

2 

4HCJIO  TpaHC{J)OpM8HTO^  ^ 

)  ’ 
Vrti— Ynt 

<  HJ1H  >  1,4 

or 

r 

AHK  njia3- 
MHAb*  RSF 
2124  H3  Y. 

raEV 

AHK  n.na3* 
mhau  RSF 
2124  h 3  E. 
coli  C600 

1 

23 

284 

12  >1,4 

2 

52 

600 

17,3  >1,4 

3 

113 

1981 

33,9  >1,4 

4 

202 

2005 

30,6  >1,4 

Key: 

1.  Experiment  number 

2.  Number  of  transformants 

3.  The  DNA  of  the  RSF  2124  plasmid  from  Y.  pestis  EV 

4.  The  DNA  of  the  RSF  2124  plasmid  from  E.  coli  C600 

Thus,  using  the  methods  of  conjugation  and  transformation,  we  encountered  the 
same  situation  as  in  the  earlier  research  using  the  H  bacteriophage:  we  were 
not  able  to  detect  any  host  specificity  systems  in  the  Y.  pestis  EV  No  1,  17, 
556,  1300,  and  773  strains. 
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Conclusion 


No  host  specificity  systems  were  found  in  the  Y.  pestis  EV,  No  1,  17,  556, 
1300,  and  773  strains. 
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ISOLATION  OF  TYPE  B  STAPHYLOCOCCAL  ENTEROTOXIN  AND  STUDY  OF  SOME  OF  ITS 
PHYSICO-CHEMICAL,  BIOLOGICAL  AND  IMMUNOLOGICAL  CHARACTERISTICS 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  (manuscript  received  16  Nov  82)  pp  36-41 

[Article  by  F.  S.  Fluyer,  Epidemiology  and  Microbiology  Institute  imeni  N.  F. 
Gamaleya  of  the  USSR  Academy  of  Medical  Sciences,  Moscow] 

[Text]  Six  types  of  staphylococcal  enterotoxins  are  known  (A,  B,  C,  D,  E,  F); 
they  differ  in  terms  of  antigenic  specificity  and  their  physico-chemical  and 
biological  characteristics.  The  interest  in  studying  enterotoxins  and  in 
obtaining  them  in  a  homogeneous  form  has  been  generated  by  a  desire  to  use  them 
to  produce  antitoxic  sera,  which  are  used  extensively  in  developing  specific, 
highly  sensitive  immunological  methods  for  typing  staphylococci  and  for 
diagnosis  of  food  poisoning.  In  addition  to  this,  recently  staphylococcal 
enterotoxins  have  been  used  as  inducers  of  immune  interferon. 

Several  methods  consisting  of  4—5  stages  have  been  proposed  for  isolating 
staphylococcal  enterotoxins  [18],  however,  even  when  these  methods  are  used  it 
is  not  always  possible  to  obtain  a  homogeneous  preparation  of  enterotoxins  [13]. 
We  proposed  a  simpler  3-stage  method  for  isolating  type  A  staphylococcal 
enterotoxin  [4].  There  is  no  doubt  about  the  need  to  develop  simpler  methods 
for  isolating  other  types  of  staphylococcal  enterotoxins. 


It  should  be  pointed  out  that  staphylococcal  enterotoxin  proteins,  in  spite  of 
their  common  biological  action,  differ  in  terms  of  several  characteristics.  A 
significant  variation  in  physico-chemical,  biological,  and  immunological 
properties  has  been  noted  depending  on  the  producer-strain  and  the  isolation 
and  purification  methods  used.  Several  values  have  been  found  for  the 
molecular  weight  of  the  type  B  enterotoxin,  ranging  from  24,000  to  35,000  [12, 
20].  No  single  opinion  has  been  reached  regarding  the  isoelectric  point  for 
the  type  B  enterotoxin.  Metzger  et  al.  [15]  found  that  the  pi  of  the  type  B 
enterotoxin  that  they  isolated  was  8.6;  Chang  and  Dickie's  data  [9]  show  that 
there  are  several  forms  of  this  toxin  with  pi  values  of  7.8,  8.0,  8.25,  and 
8.55.  There  are  also  extremely  contradictory  data  regarding  the  stability  of 
staphylococcal  enterotoxins  in  the  presence  of  urea  [3,  7,  21]  and  the  minimum 
toxic  dose  of  enterotoxins  isolated  by  means  of  various  methods. 

We  set  ourselves  the  task  of  obtaining  a  homogeneous  preparation  of  type  B 
staphylococcal  enterotoxin  (SEB);  describing  some  of  its  physico-chemical, 
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biological,  and  immunological  properties;  and  obtaining  a  monospecific 
enterotoxin  type  B  serum  that  is  necessary  for  identifying  an  enterotoxin  using 
immunological  methods. 

Materials  and  methods.  We  used  the  following  strains:  S6  715H  Staphylococcus 
aureus  with  an  elevated  production  of  the  type  B  enterotoxin  (from  Dr.  Kondo, 
Japan);  S.  aureus  FRI  722  (England)  which  produces  the  type  A  toxin;  493  which 
produces  the  type  C  toxin;  494  which  produces  the  type  D  toxin;  326  which 
produces  the  type  E  toxin  (from  Professor  M.  S.  Bergdolla,  USA);  and  the 
Wood-46  (from  the  Standardization  and  Control  of  Medical  Biological 
Preparations  State  Scientific  Research  Institute  imeni  L.  A.  Tarasevich). 
Earlier  we  obtained  type  A  and  C  staphylococcal  enterotoxins  and  antisera  for 
them  [4-6].  We  used  the  type  B  anti-enterotoxin  staphylococcal  serum  from  the 
"Serva"  company  as  a  reference  serum. 

In  order  to  obtain  the  enterotoxin  we  grew  bacteria  in  matrices  with  4  1  of 
Casman's  sterile  nutrient  medium  [8]  with  our  own  modification.  The 
modification  consisted  of  replacing  the  casein  hydrosylate  from  the  "Difco" 
company  with  an  enzymatic  casein  hydrosylate  produced  by  the  Epidemiology  and 
Microbiology  Institue  imeni  N.  F.  Gamaleya  of  the  USSR  Academy  of  Medical 
Sciences,  and  adding  1  percent  yeast  extract.  After  seeding  the  daily  culture 
removed  from  the  tapered  agar  to  the  matrices,  the  bacteria  were  incubated  at 
37°C  for  10  hours  with  aeration.  The  culture  fluid,  which  was  separated  from 
the  microbial  cells  by  centrifugation,  was  diluted  with  water  that  had  been 
d^®billed  3  times  and  a  pH  of  6.4  was  established.  Culture  fluids  that 
provided  positive  reactions  with  a  homologous  antiserum  and  that  had  biological 
activity  when  used  in  studies  on  cats,  were  used  in  this  work. 


In  order  to  adsorb  the  enterotoxin  from  the  culture  fluid  we  used  Amberlit 
CG-50  type  II  (100-200  mesh)  from  the  "Mallinckrodt  Chemical  Works."  We 
treated  the  resin  with  0.5  N  NaOH  for  30  minutes  and  then  rinsed  it  with 
distilled  water  to  bring  it  to  a  pH  of  8.0;  it  was  then  treated  with  0.5  N 
HC1  for  30  minutes  and  rinsed  with  distilled  water  to  bring  it  to  a  pH  of  6.0; 
it  was  equilibrated  in  a  0.05  M  solution  of  Na^PO^  with  a  pH  of  6.4. 

We  determined  the  protein  according  to  the  method  described  by  Lowry  et  al. 

[14],  and  also  by  using  a  spectrophotometer;  we  determined  the  nitrogen 
according  to  the  method  described  by  Grishchenko  [2]. 

We  performed  disc  electrophoresis  in  polyacrylamide  gel  at  a  pH  of  4.3  using 
the  method  described  by  Reisfeld  et  al.  [17]  and  at  a  pH  of  8.6,  we  used  Davis' 
method  [10].  The  quantity  of  protein  taken  for  analysis  was  15-25  micrograms 
per  tube.  We  used  blue  coumassy  for  the  stain  and  the  gels  were  rinsed  with  an 
acetic  acid  solution. 

We  used  the  method  described  by  Weber  and  Osborn  [22]  to  determine  the  molecular 
weight  of  the  type  B  enterotoxin.  For  markers  we  used  transferrin  with  a 
molecular  weight  of  88,000;  bovine  albumin  (with  a  molecular  weight  of  67,000); 
e8S  albumin  (with  a  molecular  weight  of  45,000);  and  myoglobin  (with  a 
molecular  weight  of  17,800). 
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The  material  for  the  electrofocusing  was  concentrated  using  an  "Amicon"  type 
concentrator  with  a  UM-10  membrane. 

The  isoelectric  focusing  was  done  in  a  8101  type  tube  with  a  110  ml  capacity 
(LKB,  "Producter  AB","Bromma",  Sweden)  in  a  gradient  of  2  percent  ampholins 
with  a  pH  range  of  7.0  to  9.0  and  0-40  percent  sucrose  according  to  the  method 
described  by  Vestberg  and  Svensson  [19]  for  96  hours  at  600  volts  and  for  5 
hours  at  1000  volts.  The  ampholins  were  removed  by  gel  filtration  in  a  tube 
with  Sephadex  G-25.  The  hydrogen  ion  concentration  was  determined  on  a  TTT-1 
potentiometer  (Denmark).  The  biological  activity  of  the  preparations  was 
tested  on  cats  weighing  between  3  and  3.5  kg  according  to  the  method  described 
by  Clark  and  Page.  Enterotoxic  activity  was  described  as  the  minimum 
enterotoxic  dose,  which  is  equal  to  the  minimum  quantity  of  material  that  will 
cause  emesis  in  the  animals.  An  immunochemical  study  of  the  enterotoxin  was 
made  according  to  the  method  of  double  diffusion  in  gel  [16]  and  the 

immunoelectrophoresis  method  [1].  The  hemolytic  activity  of  the  preparations 

was  determined  according  to  the  method  described  by  Kondo  et  al.  [13]. 

Results  and  discussion.  During  the  first  stage  of  the  study  we  solved  the 
problem  of  concentrating  the  enterotoxin.  To  do  this,  many  investigators  have 
used  polyethylene  glycol,  as  well  as  lyophilization.  However,  when  working 
with  large  quantities  of  the  culture  filtrate,  a  number  of  problems  are 
encountered  when  these  methods  are  used.  In  order  to  concentrate  and  isolate 
the  native  culture  material,  we  used  the  first  stage  of  the  sorption  method  on 
Amber lite  CG-50  described  by  Schantz  et  al.  [18],  with  our  own  modification. 

The  modification  of  the  first  stage  of  Schantz'  method  consisted  of  adding  a 
double  quantity  of  the  resin  (4  g  per  1  1)  to  the  diluted  culture  material;  the 
mixture  was  stirred  vigorously  at  room  temperature  for  1  hour;  the  resin  was 
separated  and  rinsed  with  distilled  water  from  the  unabsorbed  material  in  a 
Buchner  funnel.  The  thoroughness  of  the  rinsing  was  controlled  by  readings 
from  the  spectrophotometer  ^280nm^*  ^"he  resin  and  the  enterotoxin  absorbed  on 
it  were  placed  in  a  2.5  x  40  cm  tube.  The  elutiop  was  performed  using  a  0.5  M 
solution  of  NaH2P04  containing  0.25  M  NaCl  with  a  pH  of  6.8.  The  fluid  was 
flowing  out  at  a  rate  of  2-3  m//min;  and  10  ml  of  fractions  were  collected  on 
the  chromatographic  collector.  The  distribution  curve  constructed  for  the 
adsorption  of  the  solution  at  E  g  offers  evidence  of  the  division  of  the 
material  into  2  fractions  (figure  17.  The  solutions  of  the  first  and  second 
peaks,  with  adsorption  over  1.5,  were  combined  into  the  first  and  second 
fractions.  Both  fractions  were  dialyzed  for  24  hours  with  distilled  water, 
after  which  we  determined  their  protein  content,  total  nitrogen  content,  and 
their  biological  activity  in  cats.  We  established  that  only  the  fraction 
corresponding  to  the  first  peak  had  any  enterotoxic  activity.  The  minimum 
enterotoxic  dose  of  this  fraction  for  cats  was  50  micrograms  of  protein  per 
1  kg  body  weight  (table  1).  This  is  one-fortieth  the  dose  of  the  original 
material.  This  fraction  had  a  positive  precipitation  reaction  with  the  serum 
for  SEB  produced  by  the  "Serva"  company  (figure  2)  [not  reproduced].  The  second 
fraction  with  CG— 50  did  not  demonstrate  any  enterotoxic  activity  when 
introduced  into  cats  in  a  dose  of  100  micrograms  per  1  kg  body  weight. 
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Figure  1.  Fractionation  of  type  B  staphylococcal  enterotoxin  in  a  tube  with 
CG-50.  The  horizontal  axis  represents  the  number  of  the  test  tubes. 

Table  1.  The  biological  activity  of  type  B  staphylococcal  enterotoxin 
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1.  Preparation 

2.  Total  amount  of  protein,  mg 

3.  Minimum  enterotoxic  dose  in  1  mg  of  protein 
Total  number  of  minimum  enterotoxic  doses 

5*  Yield  the  minimum  enterotoxic  dose,  percent 

6.  Original  culture  filtrate 

7.  First  fraction  with  CG-50  (after  dialysis) 

8.  Second  fraction  from  electrofocusing  (pi  8,6) 

We  should  emphasize  that  in  the  dialysis  of  the  first  and  second  fractions  with 

C o«6re  WaS  removal  of  low  molecular  inert  nitrous  components,  which  made 
up  70-80  percent  of  the  first  fraction  and  87-90  percent  of  the  second 
component. 


ecause  of  the  yield  of  the  enterotoxin  in  the  first  fraction,  it  was  used  for 
urther  research.  Disc  electrophoresis  in  polyacrylamide  gel  showed  that  the 
first  fraction  of  SEB  with  CG-50  contains  4  components,  in  contrast  to  the 
original  culture  filtrate  with  12-14  components  (figure  3)  [not  reproduced]. 


In  the  next  stage  this  fraction  with  CG-50  underwent  electrofocusing.  At  the 
end  of  the  experiment  the  contents  of  the  tube  were  fractionated  on  a  collector 
with  control  over  the  optic  density  (E  )  and  the  pH.  As  figure  4  shows,  the 
material  subjected  to  electrofocusing  separated  into  2  fractions  according  to 
the  data  on  optic  density  and  the  curve  of  the  pH  gradient.  One  fraction  was 
focused  at  a  pH  of  7.5  and  the  other  at  a  pH  of  8.6.  In  order  to  remove  the 
ampholines  both  fractions  were  passed  through  a  column  of  Sephadex  G-25  (1.5  x 
x  100  cm). 
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The  results  of  the  tests  on  the  biological  activity  of  the  fractions  showed 
that  only  the  fraction  with  a  pi  of  8.6  had  any  enterotoxic  activity  (see  table 
2).  The  minimum  enterotoxin  dose  of  this  fraction  was  3-5  micrograms  of 
protein  per  1  kg  body  weight,  which  is  one-four-hundredth  of  the  dose  of 
original  material  (see  table  2).  The  yield  of  active  material  was  33  percent. 

Table  2.  The  biological  activity  of  preparations  of  type  B  staphylococcal 
enterotoxin  at  various  stages  of  purification 
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Key: 

1.  Preparation 

2.  Amount  of  protein  introduced,  expressed  as  pg  per  kg  of  cat's  body  weight 

3.  Number  of  animals  in  experiment  (numerator)  and  number  of  animals  that 
reacted  (denominator) 

4.  Culture  filtrate 

5.  First  SEB  fraction  from  CG-50 

6.  Second  fraction  from  CG-50 

7.  First  fraction  from  electrofocusing  (pi  7.25) 

8.  Second  fraction  from  electrofocusing  (pi  8.6) 

The  SEB  preparation  was  not  found  to  contain  any  1-  or  6-heraolysins.  The  SEB 
fraction  at  pi  8.6  in  disc  electrophoresis  contained  one  component  (see  figure 
3,  D).  Our  obtaining  as  a  result  of  electrofocusing  just  one  fraction  with  pi 
8.6  and  with  enterotoxic  activity  corresponds  to  the  data  obtained  by  Lowry  et 
al.  [14].  However,  in  experiments  in  which  more  purified  material  was  used  in 
electrofocusing,  the  SEB  focused  in  3  fractions  with  pi  8.0,  8.25,  and  8.6 
(table  3).  The  fractions  were  immunochemical ly  identical  and  had  a  molecular 
weight  of  28,000. 
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Table  3.  Some  properties  of  purified  type  B  enterotoxin 


External  appearance 
Solubility 

Thermostability 
Molecular  weight 
Number  of  components  in  electro¬ 
phoresis  in  polyacrylamide  gel 
Antigenicity 

Number  of  components  in  a  double 
diffusion  reaction  in  gel 
Maximum  adsorption 
Isoelectric  point 

Heterogenicity  of  SEB  in  terms  of  pi 

Antigenic  similarity 

The  effect  of  6  M  urea 

Toxicity  in  cats  (maximum  entero¬ 
toxin  dose) 


White  fluffy  powder 

Dissolves  well  in  water  and  saline 
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28,000  daltons 

1 

Pronounced 

1 

270  nm 

8.6 

The  main  component — 8.6;  the  minor 

components — 8.0  and  8.25 

Has  no  common  antigens  with  entero- 

toxins  A,  C,  D,  and  E 

The  biological  activity  disappears  but 

the  antigenic  activity  remains 

5  pg  per  kg  of  cat's  body  weight 


E  290 


Figure  Isoelectric  focusing  of  SEB  with  2  percent  smpholines  in  a  pH  range 
of  7. 0-9.0.  The  horizontal  axis  represents  the  test  tube  number 

When  comparing  the  activity  of  the  isolated  SEB  with  the  activity  of  the 
preparations  obtained  by  other  investigators,  one  can  see  that  the  size  of  the 
minimum  enterotoxin  doses  in  each  instance  varies  depending  on  the  type  of 
animal  and  apparently  also  on  the  method  used  to  obtain  the  preparation.  The 
minimum  enterotoxin  dose  for  monkeys  ranges  from  0.1  to  1.6  pg  per  kg  of  the 
animal's  body  weight  [11].  Cats  are  apparently  less  sensitive  to  the 
enterotoxin;  therefore,  the  minimum  enterotoxin  dose  for  cats  is  somewhat 
higher— between  0.1  and  5  pg  of  protein.  The  results  obtained  in  testing  SEB 
on  cats  are  characterized  by  a  similar  value.  We  showed  that  the  biological 


50 


activity  of  SEB  was  destroyed  by  the  effect  of  6  M  urea  over  the  course  of  24 
hours  at  25°C;  however,  the  antigenic  activity  remained.  This  demonstrates 
that  different  parts  of  the  molecule  are  responsible  for  its  antigenic  and 
toxic  properties  (see  table  3).  We  also  showed  that  the  toxin's  biological 
activity  remained  after  it  was  heated  for  30  minutes  at  60°C,  which 
demonstrates  the  thermostability  of  SEB.  Using  the  method  of  disc 
electrophoresis  in  polyacrylamide  gel  in  the  presence  of  SDS,  we  determined  the 
molecular  weight  of  SEB  with  pi  8.6.  It  was  28,000  (figure  5).  This  value 
corresponds  to  the  data  obtained  by  other  authors  [12].  SEB  has  an  ultraviolet 
absorption  spectrum  that  is  characteristic  of  proteins  (see  table  3). 


Figure  5.  Determination  of  the  molecular  weight  of  SEB  using  the  method  of 
disc  electrophoresis  in  polyacrylamide  gel.  1 — transferrin  (88,000);  2 — bovine 
albumin  (67,000);  3 — egg  albumin  (45,000);  4 — type  B  staphylococcal 
enterotoxin;  5 — myoglobin  (17,800).  The  horizontal  axis  represents  the 
relative  mobility  of  the  proteins;  the  vertical  axis  represents  lg  of  the 
proteins'  molecular  weight. 

We  studied  the  antigenic  properties  of  SEB.  We  obtained  an  antiserum  against 
SEB  in  rabbits.  The  preparation  was  mixed  1:1  with  Freund's  adjuvant  and  was 
introduced  in  the  animal's  paw  pads.  The  amount  of  SEB  in  each  successive  dose 
increased  according  to  the  following  model:  0.1,  0.4,  1,  2,  4,  10,  20,  50, 

100,  250,  and  540  pg  of  protein  .  The  interval  between  injections  was  6-7 
days.  One  week  following  the  end  of  the  immunization  cycle  antibodies  were 
found  in  the  animals'  blood  that  had  the  ability  to  interact  with  the  toxic 
protein  in  a  double  diffusion  reaction  in  the  gel.  In  a  1:64  dilution  the 
antiserum  had  1  precipitation  line  with  the  SEB  preparation  (1  mg/ml),  which 
confirmed  the  homogeneity  of  the  isolated  preparation.  SEB  migrated  from  the 
anode  to  the  cathode;  that  is,  it  had  a  positive  charge  (figure  6)  [photograph 
not  reproduced]. 

We  studied  the  serum  in  a  double  diffusion  reaction  in  gel  together  with  sera 
and  preparations  of  type  A  and  C  staphylococcal  enterotoxins ,  and  with  culture 
filtrates  of  staphylococcal  strains  that  produce  type  A,  C,  D,  and  E 
enterotoxins  and  the  Wood-46  type,  which  does  not  form  an  enterotoxin.  We 
showed  that  precipitation  takes  place  only  with  SEB  and  with  culture  filtrates 
of  strains  that  produce  type  B  enterotoxin.  We  observed  a  negative  reaction 
with  preparations  of  other  types  of  staphylococcal  enterotoxins  and  with 
culture  filtrates  of  strains  that  form  other  types  of  enterotoxins  and  that  do 
not  form  enterotoxins. 
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The  type  B  staphylococcal  anti-enterotoxin  serum  that  we  obtained  is 
immunological ly  identical  to  the  SEB  serum  produced  by  the  "Serva"  company 
(Figure  6)  [photograph  not  reproduced]. 

Conclusions 

1.  A  preparation  of  type  B  staphylococcal  enterotoxin  was  obtained  by 
successive  performance  of  the  following  operations:  adsorption  from  the 
culture  fluid  on  amberlite,  elution,  isoelectric  focusing  in  a  system  of 
ampholines,  and  gel  filtration  in  a  column  with  Sephadex  G-25. 

2.  The  enterotoxin  is  a  thermostable  protein  with  a  molecular  weight  of 
28,000,  and  an  absorption  maximum  at  278  nm,  pi  8.6.  The  minimum  enterotoxin 
dose  for  cats  is  3-5  pg  per  kg  of  body  weight.  The  enterotoxin' s  biological 
activity  disappears  when  acted  upon  by  6  M  urea. 

3.  We  obtained  a  monospecific  anti-enterotoxin  serum  for  type  B  staphylococcal 
enterotoxin  with  a  titer  of  precipitating  antibodies  of  1:64.  The  serum  is 
identical  to  the  type  B  staphylococcal  anti-enterotoxin  serum  produced  by  the 
"Serva"  company. 
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ISOLATION  OF  LEGIONELLA  PNEUMOPHILA  STRAINS  FOR  FIRST  TIME  IN  THE  USSR 
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[Article  by  I.  S.  Tartakovskiy,  S.  V.  Prozorovskiy,  and  V.  L.  Popov, 

Epidemiology  and  Microbiology  Institute  imeni  N.  F.  Gamaleya  of  the  USSR 
Academy  of  Medical  Sciences,  Moscow] 

[Text]  Over  recent  years  more  than  200  outbreaks  and  numerous  sporadic  cases  of 

IhtT  TS  ^aVe.b®en  v?orcted  I2*  9,  10].  The  wide  incidence  of  the  disease, 

t  ’  ns  ™  e*  akes  the  of  acute,  severe  pneumonia,  often  with  a  fatal 

outcome  (15-20  percent  mortality),  demands  that  the  specific  epidemiological 
d  clinical  aspects  of  the  disease  be  studied,  along  with  the  ecology  and 
biology  of  its  agent,  and  that  laboratory  diagnosis  be  developed. 

In  the  diagnosis  of  legionellesis,  serological  research  methods  have  been  the 
"*despread‘  Using  these  methods,  a  positive  diagnosis  is  made  in  more 
than  90  percent  of  the  legionellesis  cases  [7].  There  is  significantly  less 

isol^tVU  1SOlatln?  the  a8ent  directly  from  the  patient.  The  agent  is  usually 
isolated  by  performing  a  lung  biopsy  on  the  patient;  in  rarer  cases,  it  is 

isolated  from  the  patient's  pleural  fluid,  bronchial  fluid,  or  blood  [7,  8]. 

In  the  past  m  the  USSR  a  whole  series  of  serologically  confirmed  cases  of 

amnno"a  fS1S  keen  ?lscove5ed;  the  incidence  of  legionellesis  infection 

ong  acute  pneumonias  with  a  different  etiology  was  4-6  percent  [1,  3].  The 
present  study  is  de.oted  to  i.oluting  and  describing  the  Hrst  sti.  ns  of  “e 
legionellesis  agent  in  the  USSR. 

Materials  and  methods.  Cultures  of  the  agent  were  isolated  from  the  lung 
tissue  of  an  8-year  old  boy  who  was  thought  to  have  died  from  an  acute 
respiratory  infection  and  bilateral  polysegmentary  pneumonia  in  Tula;  lung 

tissue  from  a  74-year  old  man  in  Voronezh  who  died  from  acute  pneumonia  with  an 

unde5er»rned  etiology  .as  also  used.  A  section  of  lung  tissue  not  larger  tC 

(nH  7  21S  8Ji°yn?* ln  3  ”°r5ar  and  susPended  in  5  ml  of  a  0.05  M  phosphate  buffer 

IpH  7.2) .  Dilutions  of  the  suspension  (1:10  and  1:100)  were  placed  in  a 

c  arcoa  yeast  agar  without  antibiotics  and  in  a  charcoal-yeas t  agar  with 

•  micro8ram/ml)  and  with  polymyxin  B  (5  micrograms/ml).  We  used  an 
!hlrp!!uain?  SOy  t5eated  enzymatically  by  trypsin,  Hettinger's  agar,  and  a 
,•  A^efu  agar  w]-thout  L-cysteine  and  glandular  pyrophosphate  as  control 

media.  At  the  same  time  we  introduced  1  ml  of  the  original  suspension 
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intra-abdominal ly  into  guinea  pigs  weighing  between  250  and  300  g.  We  used  a 
splenic  suspension  from  the  dead  patients  or  from  the  diseased  guinea  pigs  to 
infect  6-day  old  chicken  embryos.  The  embryos  died  after  3-5  days;  they  were 
dissected  and  placed  in  culture  media.  The  cultures  were  incubated  at  36°C  in 
a  5  percent  CO^  atmosphere.  The  culture  dishes  were  observed  for  10  days.  The 
presumed  colonies  of  legionnellae  were  placed  in  a  charcoal-yeast  agar  and  in 
control  media. 

We  studied  the  morphological  and  culture  aspects  of  the  isolated  strains  using 
the  methods  described  by  Weaver  [17] •  We  used  APIZYM  [15]  to  determine  the 
biochemical  characteristics  of  the  strains.  Hebert's  method  [11]  was  used  for 
hydrolysis  of  the  sodium  hippurate.  We  determined  the  serological  group  of  the 
isolated  strains  by  means  of  indirect  immunofluorescence  using  rabbit  antisera 
for  the  strains  Philadelphia  I  (serological  group  1),  Togus  (serological  group 
2),  Bloomington  (serological  group  3)  and  Los  Angeles  (serological  group  4). 
Reference  strains  were  obtained  from  the  Center  for  Disease  Control  (Atlanta, 
USA).  Antisera  for  the  isolated  strains  and  the  reference  strains  were 
obtained  according  to  the  method  described  by  Cherry  et  al.  [6].  The  titers  of 
the  antisera  were  no  less  than  1:1024.  We  analyzed  the  fatty  acid  spectrum  of 
the  strains  by  means  of  the  high  temperature  transmethylation  method  using 
tetramethyl  ammonium  hydroxide.  In  order  to  determine  the  virulence  of  the 
strains,  dilutions  of  the  bacterial  suspension  were  introduced  into  guinea  pigs 
in  1  ml  doses  and  into  the  yolk  sac  of  chicken  embryos  in  0.3  ml  doses. 

In  order  to  study  the  ultrastructural  organization  of  the  isolated  cultures  the 
colonies  were  separated  from  the  agar  and  fixed  with  a  mixture  of  formaldehyde, 
glutaric  aldehyde,  and  picric  acid  prepared  in  a  0.2  M  cacodylate  buffer  (pH 
7. 3-7.4)  according  to  the  method  described  by  Ito  and  Karnovsky  [12].  The 
fixative  was  applied  for  1  hour  at  room  temperature  and  then  the  preparations 
were  placed  in  a  refrigerator.  After  final  fixation  with  1  percent  OsO,  ,  the 
preparations  were  treated  with  a  1  percent  solution  of  uranylacetate  in  a 
maleate  buffer  with  a  pH  of  6.0  for  1-2  hours,  they  were  dehydrated  in  ethanol 
and  rinsed  in  araldite  M  in  flat  dishes  or  capsules.  In  order  to  determine  the 
surface  acid  mucopolysaccharides  a  0.15  percent  solution  of  ruthenium  red  stain 
was  added  to  the  fixatives  according  to  the  method  described  by  Luft  [13]. 
Ultrathin  sections  were  obtained  using  an  ultra-microtome  LKB-8800  (Sweden); 
they  were  contrasted  using  a  5  percent  aqueous  solution  of  uranylacetate  alone, 
or  with  the  addition  of  lead  citrate.  They  were  examined  using  a  JEM-100B 
electron  microscope  with  accelerating  voltage  of  80  kilovolts  and  an  objective 
diaphragm  50  pm  in  diameter. 

Results  and  discussion.  The  Tula  and  Voronezh  strains  were  isolated  by  both  of 
the  methods  applied  here.  In  the  case  of  the  Tula  strain  the  colonies 
suspected  of  containing  legionellae  were  cultured  in  a  charcoal-yeast  agar  with 
vancomycin  and  polymyxin  B  7-9  days  after  the  lung  tissue  suspension  was  placed 
in  the  medium.  In  the  medium  without  antibiotics,  the  abundant  growth  of 
extraneous  microflora  made  it  impossible  to  find  colonies  of  the  legionellesis 
agent.  In  the  recultivation  the  suspected  colonies  grew  in  a  charcoal-yeast 
agar  after  3-4  days  and  did  not  grow  in  the  control  media  without  L-cysteine 
and  iron  pyrophosphate.  The  other  method  included  additional  selection  of  the 
agent  in  the  the  body  of  guinea  pigs  that  had  been  infected  with  the  lung 
tissue  suspension.  The  diseased  guinea  pigs  were  killed  4-6  days  following  the 
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contamination  and  a  spleen  tissue  suspension  was  placed  in  a  charcoal-yeast 
agar  and  5-6  day  old  chicken  embryos  were  contaminated  with  this  suspension. 
Colonies  of  legionella-like  microorganisms  grew  in  5-6  days.  Smears  from 
chicken  embryos  that  died  after  4-5  days  were  stained  according  to  Jimenez' 
method  and  contained  a  pure  culture  of  thin  bacilli  2-10  micrometers  in  length 
that  are  typical  of  legionellae. 

The  etiological  role  of  the  Tula  strain  was  confirmed  by  direct 
immunofluorescence  of  impressions  of  lung  tissue  (figure  1)  and  by  indirect 
immunofluorescence  of  the  patient's  blood  serum.  The  titer  of  antibodies  in 
the  serum,  taken  on  the  sixth  day  of  illness,  was  1:512  with  the  antigen  L. 
pneumophila  of  serogroup  1,  prepared  at  the  Epidemiology  and  Microbiology 
Institute  imeni  N.  F.  Gamaleya,  and  with  the  antigen  obtained  from  the  Center 
for  Disease  Control.  In  isolating  the  Voronezh  strain,  there  was  no  blood 
serum  from  the  dead  patient  and  direct  immunofluorescence  of  the  lung  tissue 
had  a  negative  result. 

Table  1  contains  the  primary  culture  and  biochemical  characteristics  of  the 
isolated  strains  that  coincide  with  the  characteristics  of  the  typical 
Philadelphia  I  strain.  Serologically  the  strains  are  described  in  terms  of  the 
reaction  of  indirect  immunofluorescence  with  homologous  rabbit  antisera  and 
antisera  for  the  typical  strains  of  the  4  serogroups  of  L.  pneumophila  (table 
2).  The  antisera  for  the  Tula  and  Voronezh  strains  in  a  double  radial 
immunodiffusion  reaction  in  1  percent  agarose  formed  precipitation  lines  with 
soluble  antigens  of  the  homologous  strain,  with  the  type-specific  antigen  of 
the  Philadelphia  I  strain,  and  with  the  group-specific  antigen  isolated  from 
the  Philadelphia  I  and  Togus  strains  of  serogroups  I  and  II.  The  antiserum  for 
the  isolated  strains  did  not  precipitate  with  the  type-specific  antigen  of 
serogroup  II.  Thus,  the  antigenic  property  of  the  Tula  and  Voronezh  strains 
indicates  that  they  belong  to  serogroup  I. 

The  original  LD5Q  of  the  isolated  strains  for  guinea  pigs  was  6’ 102-8.5* 102 
colony-forming  units  ,  but  after  4  passages  in  an  artificial  nutrient  medium 
the  value  of  LD,.^  rose  to  4*10  -5*10  colony-forming  units.  Subsequent 
passages  of  the  strains  in  chicken  embryos  and  the  body  of  a  guinea  pig  made  it 
possible  to  increase  their  virulence  by  an  order  of  2-3  using  a  method 
described  earlier  [4].  The  data  correspond  to  the  results  obtained  by  McDade 
and  Shepard  [14],  who  showed  that  the  virulence  of  newly  isolated  legionellae 
drops  markedly  after  several  passages  in  an  artificial  nutrient  medium. 


Two  types  of  bacterial  orientation  were  observed  in  ultrathin  sections  of  the 
legionella  colonies.  The  more  common  of  the  two  was  random  arrangement  of  the 
cells;  less  often  we  found  the  bacteria  lying  in  parallel  rows,  that  could 
gradually  bend,  while  still  preserving  the  parallel  orientation  of  the 
bacteria.  We  did  not  find  any  differences  in  the  ultrastructure  of  the  two 
strains;  therefore  the  description  of  the  ultrastructure  is  the  same  for  both 
strains. 
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Table  1.  Phenotypical  characteristics  of  the  isolated  legionella  strains 
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Note:  The  symbol 
Key: 


1 .  Poct:  (  5  ) 

a)  Ha  yrojibHO-^pojK- 
jKeBOM  arape £  5  ) 

6)  Ha  arape  Mipjuie- 
pa  —  XHHTOHa(  7  ) 

b)  Ha  arape  c  Tpnn- 
THMecKHM^  nepeBapcM 
COH  (8; 

2.  r Hij,pojiH3  rHnnypaTa 

Na{9)  ,  N 

3.  OKpacKa:  (  1  0  J 

а)  no  TpaMy(  1  )  }  v 

б)  no  THMeHe3y  \  1  C  ) 

4.  O6pa30BaHHe  kodhm- 
HeBoro  nurMeHTa^  13) 

5.  OcHOBHan  JKHpHan 
KHCJIOT3  (14) 

6.  BnoxHMHMecKHe  peaK- 

uhh:  (15) 

(1qV  HaiwqHe  0KCHAa3bi 
CITE  HaJiHMHe  KaTaJia3W 
£lqp)  HaJiHqne  ypea3bi 
r)  pa3>KH>KeHHe  >Ke- 
(l9)iaTHHbl  .  . 

'  fl)  N03-NO„  (20) 

e)  ymnH3auHH  Kpax- 
Majia  (  21  ) 
jk)  (J>epMeHTauHH  yr- 

JieBO^OB  (22) 

indicates  that  the  value  was  not  determined. 


1.  Characteristic 

2.  Tula  strain 

3.  Voronezh  strain 

4.  Philadelphia  I  strain 

5.  Growth 

6.  In  charcoal-yeast  agar 

7.  In  Miiller-Hinton  agar 

8.  In  an  agar  with  soy  treated 
enzymatically  with  trypsin 

9.  Hydrolysis  of  sodium  hippurate 

10.  Stain 

11.  Gram’s 

In  the  colonies  it  was  possible  to  distinguish  several  types  of  cells  that  were 
characteristic  in  terms  of  their  morphology  (figure  2)  [photograph  not 
reproduced]:  the  first  type  was  represented  by  small  (0. 2-0.3  x  0.3  x  0.4  pm), 
slightly  oval-shaped  bacteria  with  dense  cytoplasm  and,  as  a  rule,  convolutions 
in  the  cell  wall;  the  second  type  was  represented  by  larger  (0.5-0. 6  pm),  round 
cells  with  fairly  thin  cytoplasm  and  a  different  nucleoid;  the  third  group 
contained  bacteria  in  the  form  of  short  bacilli  measuring  0. 2-0.3  x  0.7-1. 3  pm 
with  dense  cytoplasm  and  convolutions  in  the  cell  wall;  the  fourth  group 
contained  short,  thick  bacilli  (0. 3-0.4  x  0. 8-1.0  pm),  usually  barrel-shaped, 
broader  in  the  middle  section,  with  a  well-defined  nucleoid;  the  fifth  group 


12.  Jimenez 

13.  Formation  of  brown  pigment 

14.  Main  fatty  acid 

15.  Biochemical  reactions 

16.  Presence  of  oxidase 

17.  Presence  of  catalase 
18.  Presence  of  urease 

19.  Thinning  of  gelatin 

20.  NO-NO 

21.  Utilization  of  starch 

22.  Breakdown  of  carbohydrates 
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consisted  of  elongated  cells  (up  to  2  micrometers)  that  were  similar  to  the 
types  described  above  m  terms  of  their  dense  cytoplasm.  Evidently  the  type  1 
2  bacteria  were  cross  sections  or  transverse  sections  of  types  3  and  4 
respectively.  In  addition  to  this,  spheroplast-like  cells  were  found  in  the 
colonies  that  were  about  1  pm  in  diameter,  along  with  bacteria  containing  very 
thin,  apparently  degenerated  cytoplasm;  membrane  rings  whose  contents  were 
material?”  eleCtr0ns;  membrane  fragments;  and  fibrillar  and  structureless 

Table  2.  Titers  of  antibodies  of  rabbit  antisera  for  typical  Legionella 
reaction3”4  ^  1S°lated  LeSionella  strains  in  the  indirect  immunofluorescence 


AHTMCbJBOpOTKH  K  UJTaiM 


AHTHreH  ^  ^ 

.... 

Philadelphia  ] 
(cej^irj  1) 

Togus  (cepo- 

(aT !l 

Bloomington  2 
,  [cepoTHn  3) 

Tyjia  (8) 

BopoHe>K  (  Q  ) 

Philadelphia  1 

Togus 

Bloomington  2 

1:4096 

1:1024 

1:512 

1:16 

1:16 

1:1024 

1:1024 

1:1024 

1:16 

1:32 

1:2048 

1:1024 

1:2048 

1:32 

1:32 

V  v  / — - - 

1:64 

1:32 

1:64 

1:1024 

1:16 

- 

1:32 

1:32 

1:64 

1:16 

1:2048 

1.  Antigen 

2.  Antisera  for  the  strains 

3.  Tula 

4.  Voronezh 

5.  (Serotype  1) 


6.  (Serotype  2) 

7.  (Serotype  2) 

8.  Tula 

9*  Voronezh 


?  A  ariy  deflned  cel1  wal1  a"d  a  cytoplasmic  membrane 
^figures  3-6)  [photographs  not  reproduced].  The  three-layered  membrane  of  the 
ceii  wall  was  about  10  nm  thick,  and  its  inner  layer  had  a  brighter  contrast 

th?”^6  °UJer  (f1lgure  5)  [photograph  not  reproduced],  apparently  due  to 

the  adjacent  peptide-glycan  layer.  The  surface  of  the  cell  wail  did  not  ?eact 

elecJonhriUIn  ^  S-a!ln  (flgure  6)  ^Photograph  not  reproduced]  and  flakes  of 
electron-dense  material  were  adjacent  to  the  surface  only  in  places.  The 

r1?  SPaC-  W3S  ab°Ut  10  nm  in  Width  and  had  a  density  similar  to 
wJirh  oytopiasm;  it  divided  the  cell  wall  from  the  cytoplasmic  membrane 

which  was  about  7  nm  thick.  In  several  legionella  cells  1-2  additional 

D?rallelStr^/°U?d  ^  Cyt°Plasm  under  the  cytoplasmic  membrane;  they  lay 
of  fhJ  !  the  cytoplasmic  membrane  and  were  similar  to  that  membrane  in  terms 
of  thickness  (figure  3)  [photograph  not  reproduced].  Oval  vacuoles, 

encomoasspd "h'  ^811°nella  Cells>  were  f^nd  in  the  cytoplasm;  ttey  were 
encompassed  by  a  single-contour  membrane  about  3  nm  thick  and  the  contents  were 

sparent  to  electrons.  Some  larger  round  vacuoles  were  seen  in  some  cells 

withWfibrin°mPaSS?d  ^  a  three-layer  membrane  6  nm  thick;  they  were  filled 
took  flbrillf^  contents  (figure  4)  [photograph  not  reproduced].  Cell  division 
took  place  with  the  central  part  of  the  cells  stretching  apart  (figures  2  and 

whi!h°w  Thus»  the  ultrastructure  of  the  two  strains  of  this  agent 

describe^earlier6?!^”.  tb6  ““  °f  ^  °f  legi°"ella 
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The  cultural,  morphological,  biochemical,  and  serological  properties  of  the 
isolated  strains,  together  with  the  organization  of  the  ultrastructure  confirm 
that  they  belong  to  serogroup  1  of  L.  pneumophila. 

The  isolation  of  the  first  strains  of  the  legionellesis  agent  in  cases  of 
lethal  pneumonia,  together  with  the  results  of  serological  research, 
demonstrate  the  need  for  a  detailed  study  of  the  incidence  of  legionellesis  in 
cases  of  other  respiratory  illnesses  in  the  USSR.  It  is  necessary  to  consider 
the  possibility  of  outbreaks  of  legionellesis  infection,  including  outbreaks 
within  hospitals,  which  are  being  reported  with  increasing  frequency  in  various 
countries  of  the  world  [5].  The  presence  of  the  agent  in  water  supply  systems 
and  numerous  cases  of  isolating  this  agent  in  the  water  systems  of  air 
conditioners,  showers,  baths,  and  other  plumbing,  indicate  the  need  to  study 
these  systems  in  our  own  country.  Here  one  cannot  exclude  the  possibility  of 
isolating  new  types  of  legionellae  in  the  USSR  that  are  not  among  the  8  types 
already  known.  Over  90  percent  of  the  legionellae  isolated  in  the  world  are  in 
serogroup  1  of  L.  pneumophila. 

Conclusions. 

1.  For  the  first  time  in  the  USSR,  strains  of  legionellesis  agents  were 
isolated  from  patients  who  died  from  pneumonia. 

2.  On  the  basis  of  their  cultural,  morphological,  biochemical,  and  serological 
characteristics,  both  the  isolated  strains  were  classified  with  serogroup  1  of 
L.  pneumophila. 
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POSSIBLE  RELATIONSHIP  BETWEEN  VIRULENCE  OF  PSEUDOMONAS  AERUGINOSA  AND  SOME 
FEATURES  OF  THEIR  ULTRASTRUCTURE 
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1983  (manuscript  received  15  Mar  83)  pp  45-47 

[Article  by  S.  T.  Dzyubak,  Ivano-Frankovsk  Medical  Institute] 

[Text]  Electron  microscopy  has  been  used  to  study  P. ;aeruginosa: . the 

ultrastructure  of  typical  P.  aeruginosa  cells  [4,  11],  the  particular 
distribution  of  flagella  [3],  capsule  polysaccharides  [10] ,  the  variability  of  the 
microbe  under  the  influence  of  antibacterial  preparations  [2,  7],  and  physical 
factors  [5].  In  the  literature  there  is  practically  no  information  on 
patients  with  purulent  infections  and  from  the  environment,  taking  into  account 
the  biological  activity  of  the  microbes.  This  research  comprises  the  basis  of 
the  present  work. 

Materials  and  methods.  We  studied  9  strains  of  P.  aeruginosa,  5  of  which  were 
isolated  from  surgical  patients  with  inflammatory  purulent  processes  (including 
the  standard,  highly  toxic  strain  PA-103);  and  4  of  which  were  isolated  from 
soil  and  water.  The  bacteria  were  identified  using  generally  accepted  tests: 
Gram's  stain,  mobility,  formation  of  pyocyanin,  thermophilic  nature,  oxidation 
of  glucose  under  aerobic  conditions,  oxidase  activity,  oxidation  of  calcium 
gluconate,  and  thinning  of  gelatin.  For  the  electron  microscopic  studies  we 
used  cultures  in  a  stationary  stage  of  growth  (18-24  hours)  in  a  meat  and 
peptone  broth  and  in  a  meat  and  peptone  agar.  In  several  cases  we  used  an  agar 
prepared  in  a  tryptic  soy  extract. 

After  cultivation  the  bacterial  cells  were  rinsed  in  a  physiological  solution 
of  NaCl  and  fixed  with  2  percent  glutaric  aldehyde  or  with  a  solution  of  osmium 
tetroxide.  The  precipitate  was  rinsed  in  a  phosphate  buffer  with  a  pH  of 
7. 3-7. 6  and  a  suspension  of  the  bacteria  was  prepared  which  was  placed  on  a 
grid  tray  for  study.  In  some  cases  whole  cells  were  contrasted  with  1  percent 
uranylacetate. 

In  order  to  obtain  ultrathin  sections  of  the  precipitate  after  centrifugation, 
it  was  dehydrated  by  means  of  increasing  concentrations  of  ethanol  and  then 
poured  into  epoxy  resins.  The  sections  were  contrasted  according  to  the  method 
described  by  Reynolds  [9];  they  were  examined  using  a  JEMB-100B  electron 
microscope  with  an  instrument  magnification  of  up  to  80,000. 
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a zlll/li  tlTnflu,  HTJllTl  s^TXl  the-p-  aaru8iTa  calu 

appeared  to  be  lyi„g  i.  .  p^ur^L^/'  £.2*  In? 

were  often  found  which  were  2-3  times  longer  than  normal  ceUswith  tje  same 
thickness,  and  there  were  individual  cells  with  an  ellipsoidal  form.  When  a 
contrast  was  made  with  uranylacetate  penetrating  the  cells  binol ar  Crtm<al.- 
round  segments  appeared  in  these  cells  with  a  high  electron  density! 

In  the  newly  isolated  virulent  strains,  unlike  the  avirulent  strains  a  mucuoid 
capsule  was  found  on  the  surface  of  the  cells.  Two  layers  that  were’quite 
„ n  5  were  seen  in  the  capsule:  an  inner,  rigid  layer  bound  tightly  to  the 
not  reproduced]?”  thlimer’  hom°geneous  layer  (see  figure  A)  [photograph 

It  is  characteristic  that  on  the  surface  of  the  outer  layer  there  were  manv 
small  round  formations.  It  is  possible  that  these  formations  have  adhesive 
properties  that  allow  the  bacteria  to  attach  themselves  to  several  substrates. 

This  type  of  mucoid  capsule  was  seen  particularly  clearly  in  the  bacteria  that 

tcTobCr™^11  phe  nutr!-ent  medla  containing  tryptic  soy  extract  that  were  used 

if  “  J'c\llrltTATS!‘  f0t°*in  !*>•  light  of  this,  we  can  assume  that 
this  type  of  extracellular  structure  is  a  definite  factor  in  the  microbe’s 

of  m8en^  ariVlty:  rt  haS  als°  been  established  that  the  prolonged  presence 

maintain  their  viability.  In  similar  cases  the  bacterial  ?eU?  usuaUvf 

well-formed°eo°t ‘ them  (flgure  B>  [not  reproduced]  were  covered  with  a 

formed  coating  of  mucus.  In  these  cases  the  cells  were  smaller  than 
ordinary  cells;  they  were  oval  in  form  and  had  a  high  eleJtloTEnStJ 

s?pa???ii?Sth^ecellCeftratirS  °f  C-US  °ne  C°Uld  clearly  see  an  empty  space 
parating  the  cells  from  the  covering  formation.  Similar  observations  have 

been  described  by  other  authors  [6]  who  isolated  P.  aeruginosa  from  the 

^  "UC“S  layer  °n  the  SUrfa“  °f  the  Cells  both  in 

In  an  electron  microscopic  study  of  ultrathin  sections,  a  general  orincinle  of 

??t?bli?h1dn-°fth*  aeruginosa  cells  was  discovered  and  differences  were 
established  in  the  structure  of  virulent  and  avirulent  strains.  The  cells  of 

?ypi?al"ofSthrm?iorit*  (figure  C)  tnot  reproduced]  had  a  structure 

the  majority  of  gram-negative  bacteria.  The  cell  wall  consists  of  a 

dens  it-'  u66-  ayere<*  membrane  and  an  inner  layer  with  an  average  electron 

density.  However,  this  similarity  was  not  seen  in  all  cells.  Fairly  often  the 

outer  membrane  of  the  cell  wall  in  the  avirulent  strain  did  not  have  the 

m?mb?an  °nS  charaJteristlc  of  gram-negative  bacteria.  The  cytoplasmic 
membrane  was  not  always  separated  from  the  cell  wall.  The  cvton1««m  f 

granules,  a  heightened  electron  density,  and  vacuoles.  The  nucleoid  often 

JKa^iscfsLiif.r>° clearly  differentiated  °8mi~  z°nes  fun  of 

In  an  examination  of  cells  of  virulent  strains,  we  found  that  their 
ultrastructure  is  quite  different  from  that  of  cells  of  avirulent  strains 
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(figures  D  and  E)  [not  reproduced].  The  cell  wall  had  an  indistinct  contour 
structure,  in  various  places  it  was  separated  from  the  cytoplasmic  membrane  and 
it  had  a  high  electron  density.  In  some  cells  the  cell  wall  and  cytoplasmic 
membrane  could  not  be  seen  due  to  lysis.  Many  osmiophilic  granular  particles 
were  seen  in  the  cytoplasm  which  varied  in  terms  of  their  size  and  form  and 
were  located  close  to  the  cytoplasmic  membrane  and  the  poles  of  the  cell.  It 
is  likely  that  these  granular  components  are  involved  in  the  cell's  toxin 
formation  function. 

One  can  assume  that  the  appearance  of  the  granular  formations  creates  the 
conditions  necessary  for  synthesis  of  the  exotoxin  and  for  transporting  it  into 
the  environment.  This  assumption  is  based  on  the  fact  that  these  granules  were 
found  in  cells  of  the  highly  toxic  PA-103  strain,  which  are  known  absolutely  to 
produce  the  exotoxin. 

The  cells  of  the  virulent  strains  also  differed  from  those  of  the  avirulent 
strains  in  terms  of  the  nucleoid  arrangement.  It  is  often  arranged  in  a 
disordered  way  in  the  form  of  osmiophobic  material. 

Bubbles  were  also  seen  in  the  cytoplasm. 

Thus,  the  research  done  here  allowed  us  to  reveal  a  number  of  morphological 
peculiarities  in  the  subcellular  structure  of  virulent  and  avirulent  strains  of 
P.  aeruginosa,  which  indicate  the  high  degree  of  polymorphism  of  that  microbe, 
which  is  a  factor  of  the  nutrient  medium. 

It  is  possible  that  one  of  the  reasons  for  the  resistance  of  P.  aeruginosa  to 
the  body's  defense  responses  and  to  conditions  of  external  influences  is  the 
formation  of  the  mucous  capsule. 

Conclusions 

1.  Cells  of  the  virulent  strains  of  P.  aeruginosa  differ  from  cells  of 
avirulent  strains  in  that  they  have  a  mucoid  capsule,  there  are  variations  in 
their  size,  and  they  form  electron-dense  structures  at  their  poles. 

2.  Cells  of  virulent  strains  contain  a  significant  number  of  granular 
cytoplasmic  components  and  the  cell  wall  has  a  less  contoured  structure  than 
that  found  in  avirulent  strains. 
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ENTEROTOXIC  PROPERTIES  OF  SALMONELLAE  AND  NEUROTOXINS  ISOLATED  FROM  THESE 
ORGANISMS 

Moscow  ZHURNAL  MIKROBIOLOGII ,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  (manuscript  received  9  Jun  83)  pp  47-52 

[Article  by  N.  B.  Karazolkina,  Z.  N.  Yermolenko,  and  I.  N.  Kamenskaya, 
Epidemiology  and  Microbiology  Scientific  Research  Institute  imeni  G.  N. 
Gabrichevskiy,  under  the  RSFSR  Ministry  of  Health,  Moscow] 

[Text]  The  enterotoxic  effect  of  salmonellae  was  first  observed  by  Taylor  and 
Wilkins  in  1961  [10].  For  a  long  time  the  numerous  efforts  to  tie  the 
entertoxic  activity  of  salmonellae  to  their  ability  to  produce . enterotoxin  met 
with  failure  [4].  Only  in  1975  did  Koupal  and  Deibel  succeed  in  observing 
enterotoxic  activity  of  a  concentrated  culture  fluid  after  growing  several 
types  of  salmonellae.  Later  on  [8,  9]  these  investigators  used  ultrafiltration 
of  the  suprasedimentary  culture  fluid  with  subsequent  chromatography  in 
Sephadex  G-100  and  DEAE  cellulose  to  obtain  an  enterotoxin  that  had  been 
purified  50  times. 

Materials  and  methods.  This  paper  presents  the  results  of  a  study  of  the 
enterotoxic  properties  of  salmonellae  using  an  isolated  loop  of  a  rabbit's 
small  intestine  as  a  model,  and  of  the  neurotoxins  obtained  from  the 
salmonellae  according  to  the  method  described  by  Mesrobeanu  et  al.  [7].  We 
determined  the  enterotoxicity  of  51  strains  of  Salmonella  typhimurium;  the 
contents  of  intestinal  loops  of  rabbits  who  responded  positively  to  the 
introduction  of  live  cultures  of  these  salmonellae;  8  neurotoxin  preparations 
obtained  from  5  strains  of  S.  typhimurium  of  varying  origin;  1  strain  of  S. 
enteritidis,  obtained  from  a  dead  mouse;  and  2  strains  of  S.  typhi:  ty  2-4446 
and  66,  obtained  from  a  patient. 

The  strains  of  S.  typhimurium  were  isolated  from  patients  suffering  from 
salmonellosis  in  Moscow,  Moscow  Oblast,  and  Derbent  in  the  Dagestan  ASSR.  We 
also  used  strains  of  S.  typhimurium  isolated  from  the  environment,  from  birds, 
and  museum  strains  (811  and  669). 

We  usually  studied  up  to  10-11  cultures  in  one  rabbit;  1  billion  microbial 
cells  per  1  ml  were  introduced  into  the  lumen  of  an  intestinal  loop;  this 
quantity  was  determined  according  to  the  standard  developed  at  the  State 
Medical  Biological  Preparations  Control  Institute  imeni  L.  A.  Tarasevich.  The 
rabbits  were  killed  on  the  day  following  the  operation;  when  the  intestinal 
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loops  were  filled  with  exudate,  we  measured  their  length  in  centimeters  and 

p  perties  of  the  cultures  and  toxins  as  the  ratio  between  the  volume  of  fluid 

“  segmen!  and  tha  length  (the  enterotoxic  index).  1  positive 

reaction  was  judged  to  be  a  index  above  0.5;  a  ratio  between  -(iV! 

IZluol  8  “eak  reaCti°”;  a  rati°  bel°»  °'4  ™  tentidered  aleg^e 

2^,s,=3=.f  s^£s> 

LlivT.^ 

.'r^jrrs'is-  sisSiiJL";  zzrr. 

vaccination  Tha  r  VT  *  "*'*  operated  on  2  months  after  the  end  of  the 
vaccination.  The  contents  of  the  intestinal  loops  in  which  the  exudate 

accumulated  as  a  result  of  the  introduction  of  live  cultures  afte? 

Kitt-Tarocci 1  ^"raediunu^Th^f  *  *  '!!*?*  and  SUglr  fluid  »f«lum  and  Saburo  and 
dissolved  in  a  NaCl  physiologicaZolut  iotTinZs  •  1 f  ^  lata“lnaI  lo°Ps  uere 
the  solution  were  intZuced'into  theZbSZ/  St}»  *  °f 

reaction  control  cultures  were  made  from  the  rabbits*  int-^cMnai 

::tv z  ssrs  “iviy  tha  possibm^  •*  ..i-Ziizz. 

aterili^/^^elnSt^n:^^:  ^  ^  ““ 

nstnta;ii.8?i^r^ij.s'-i? naurocoxin  praparati°-  -  -ad 

raSus  immunized8)..0"* ,  T*bl?S  1  and  2  8h°"  that  ia  a«”i«-ane  rabbits  and 

bits  immunized  by  salmonellae  of  heterologous  serotypes,  the  accumulation  of 

fluid  m  response  to  the  introduction  of  live  cultures  of  S  tvnhi™  T  f 

occurred  only  in  the  upper  sections  of  the  Ilu  i“L  tine  S  Z^s train 

typhrmurrum  behaved  drfferently  in  tests  on  different  i.bbits.  For  exImpU. 
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cultures  118,  198,  and  307  in  loops  2,  3,  and  4  in  rabbit  No  376  produced 
positive  reactions;  while  in  loops  11,  10,  and  9  in  rabbit  number  361  the 
reactions  were  negative. 


Table  1.  Enterotoxic  activity  and  intra-intes tinal  reproduction  capability  of 
S.  typhimurium  (unimmunized  rabbits) 
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Note:  The  symbol  •  indicates  that  a  culture  was  not  taken  from  the  intestinal 

loop 

* — enterotoxic  index  “Rabbit  No  175  had  coccidiosis 


Key: 

1.  Rabbit  number 

2.  Intestinal  loop  number 

3.  Strain  number 

4.  Origin  of  strain 

5.  Volume/length 

6.  Number  of  bacteria  (billions 
of  microbial  cells  in  1  ml) 

7.  Nosocomial  salmonellosis 


8.  Museum 

9.  Negative 

10.  Sporadic  salmonellosis 

11.  Contamination  by  contact 

12.  External  environment 

13.  Cholerogen  (control) 

14.  Bird 


As  tables  1  and  2  show,  the  response  of  a  rabbit's  small  intestine  to  live 
salmonella  cultures  depended  to  a  great  extent  on  the  sensitivity  of  the  animal 
itself.  In  3  rabbits  (Nos  247,  226,  and  222),  immunized  with  vaccines  from  the 
same  type  of  cultures  (see  table  2),  the  proximal  segments  of  the  small 
intestine  loop  did  not  respond  at  all  to  the  enterotoxic  activity  of  the 
salmonellae;  only  the  distal  intestinal  loops  reacted. 
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Table  2.  Enterotoxic  activity  and  intra-intestinal  multiplication  ability  of 
live  cultures  of  5  types  of  S.  typhimurium  (immunized  rabbits) 


KPOJ1HK 
ieM  npHB 


253 

rpynna  D 
S.  typhi 
(0*901) 


2 -SU 

i|ss 

-•Sue 


N?  KpOJIHKa, 
qeM  npHBHT 


(2)  (3) 


226  —  rpynna 
B  S.  typhi¬ 
murium 


8  162 
9  164 

10  166 
11  669 


(«d 

M  „  OTp 


233 

rpynna  D 
S.  typhi 
(0-901) 


c/c  m  1,5 


b/6M  0,6 
kM  0,4 


222  —  rpynna 
B  (S.  typ¬ 
himurium) 


c/c  (9)  1 ,3 
»  -1,3 

B/cp(<!0oTpf„> 
b/O/.^s  » 


BfcpftiS) 
b/6(iz  1 
m^i<5)  i 


242  —  rpyn¬ 
na  C2 
S.  dussel- 
dorf  (17) 


40  h(|J)  1 ,2 

346  B/cp  v  0,8 

347  oTpm 

355  »  N  > 

178  n  (n)  » 


8  83  »  »  . 

9  688  »  » 

10  669  m(i^  0,57  278 


247-rpynna  B 
(S.  typhimu¬ 
rium) 

(ti) 


1  669 

2  40 


669  m(id/  OTp  ^ 

40  » 

346  B/cp  n  » 

347  >65  > 

355  * 


178  ln)n 

877  r  > 


1,2  J  1278: 

OTpfM)  . 


1*  Rabbit  number,  type  of 
inoculation 

2.  Intestinal  loop  number 

3.  Strain  number 

4.  Origin  of  strain 

5.  Volume/length  (enterotoxic 
index) 


Number  of  bacteria  (billions  of 
microbial  cells  in  1  ml  of  intestinal 
loop  contents) 

Group  D 
Group  C2 

Sporadic  salmonellosis 
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10.  Museum 

11.  Negative 

12.  Nosocomial  salmonellosis 

13.  Group  B 


14.  Contamination  by  contact 

15.  External  environment 

16.  Nasopharynx 

17.  Bird 


This  situation  was  confirmed  especially  graphically 
control  strain  669,  which  was  introduced  into  each 


in  the  instance  of  the 
rabbit  at  the  first  and  last 


intestinal  loop. 


Judging  from  the  data  in  tables  1  and  2,  there  was  no  connection  between  the 
enterotoxic  capacity  of  the  strains  of  S.  tymphrmunum  and  their  origin. 

However,  additional  research  is  needed  to  make  a  conclusive  judgmen  . 

The  results  of  the  cultures  indicate  that  salmonellae  are  capable  of 
multiplying  in  the  intestinal  loop  contents,  and  sometimes  very  intensively 
Tsee  tables  1  and  2).  It  should  be  pointed  out  that  the  salmonellae  multiplied 
even  when  they  showed  no  enterotoxic  activity  (see  table  1,  rabbits  No  175  and 
517).  Salmonellae  also  multiplied  in  the  intestinal  loops  of  rabblts  that  had 
been  immunized  both  specifically  and  nonspecif ically ;  they  also 
when  they  demonstrated  an  enterotoxic  capacity  and  when  they  did  not  (see  tabl 

2). 

Since  the  data  on  the  reproduction  rate  of  various  cultures  of  S.  typhimurium 
differed  significantly  among  various  rabbits,  we  calculated  t  e  geome ,5^  mean 
of  the  reproduction  rates  of  salmonellae  for  the  various  groups  of  rabbits. 
Table  3  shows  that  a  statistically  significant  difference  in  the  reproduction 
rate  of  salmonellae  from  intestinal  loops  that  reacted  and  did  not  react  to  the 
enterotoxin  was  seen  only  in  unimmunized  rabbits. 


Table  3.  Geometric  mean  reproduction  rate  of  S.  typhimurium  from  rabbits 
intestinal  loops  (billion  microbial  cells  in  1  ml) 


id 

O  JJ 

)  (2) 

KpOJJHKH,  HMMyHH3HpO-(  3 
BaHHbie  cajibMOHeJinaMHx 

H  H 

O  <J 

G.  O 
«  X 

KpOJTHKH 

reTepo^o- 

roMOJiorHM- 

h  - 

=  s 

0)  <y 

rf4^b<f  H 

/  —  \  HbJMH 

Lil—- — 

/  c  v06Hapy- 

V  O 

7343  ±3.1* 

3323  ±  0,24* 

490,2  ± 1 ,97* 

/  rr  \He  oCna- 
(  7  Jpy>Keiia 

A  7 1 , 9  ±  0 , 86* 

4 498  ± 1 ,78* 

698, 1  ±33,52* 

*Signif icant  intervals  were  calculated  for  a  95  percent  probability. 


Key: 

1.  Enterotoxicity  5.  Homologous  salmonellae 

2.  Nonimmune  rabbits  6*  Observed 

3.  Rabbits  immunized  with  salmonellae  7.  Not  observed 

4.  Heterologous  salmonellae 

In  rabbits  immunized  with  a  vaccine  of  S.  typhimurium,  homologous  microbes 
multiplied  in  intestinal  loops  that  reacted  positively  to  the  enterotoxm  to  a 
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2.5-3  ml  were  introduced  ’  response  was  obtained  when  at  least 
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Some  German  authors  [6]  have  referred  to  .  •.  L 


of  salmonellfeUciltu^es1asewell8^sntheirrtde*:ermhnin8  ^  enterotoxic  activity 
cultures  as  well  as  their  toxins  has  many  defects.  Besides  the 
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well  known  significant  differences  in  the  rabbits'  individual  sensitivity,  it 
turns  out  that  only  the  upper  sections  of  the  small  intestine  react  to  the 
salmonella  enterotoxin. 


For  the  first  time  it  has  been  established  that  parenteral  immunization  with  a 
corpuscular  vaccine  of  S.  typhimurium  causes  the  proximal  sections  of  the 
rabbit  small  intestine  to  lose  their  sensitivity,  and  apparently,  it  sensitizes 
the  distal  sections  of  the  small  intestine  to  the  effect  of  a  homologous 
enterotoxin.  These  facts  need  to  be  confirmed  through  additional  research. 


The  enterotoxic  activity  of  several  strains  of  S.  typhi  became  known  in  1980 
[11],  Earlier  we  showed  [1]  that  the  neurotoxin  from  S.  typhi  is  a  substance 
which,  in  addition  to  the  0-,  Vi-  and  H-antigens,  contains  thermolabile 
intergeneric  antigens  that  are  common  to  pp.  Salmonella,  Shilgella,  and 
Escherichia.  In  this  study  we  established  that  salmonella  neurotoxins  have  an 
enterotoxic  action.  This  fact  deserves  serious  study.  There  is  no  doubt  that 
additional  experiments  are  needed  to  prove  conclusively  that  the  neurotoxins 
enterotoxic  action  does  not  depend  on  the  0-,  Vi-,  and  H-antigens. 


Conclusions 

1.  The  enterotoxicity  of  strains  of  S.  typhimurium  and  S.  typhi  is  a  stable 
property,  since  museum  cultures  demonstrated  a  marked  enterotoxicity. 

2.  All  the  strains  of  S.  typhimurium  studied  multiplied  in  isolated  loops  of 
the  rabbit  small  intestine,  regardless  of  their  origin  and  enterotoxic 
properties.  Strains  of  S.  typhimurium  multiplied  in  the  lumen  of  an  isolated 
section  of  the  small  intestine  in  nonimmune  rabbits  more  intensively  m  the 
presence  of  a  marked  exudative  reaction  than  in  the  absence  of  one. 

3.  Neurotoxin  preparations  obtained  according  to  the  method  described  by 
Mesrobeanu  et  al.  from  cultures  of  S.  typhimurium  and  S.  typhi  had  enterotoxic 

effects. 

4.  In  nonimmune  rabbits  and  rabbits  immunized  parenterally  with  vaccines  of 
salmonellae  from  serotypes  not  included  in  serogroup  B,  only  the  proximal 
section  of  the  small  intestine  showed  any  sensitivity  to  the  enterotoxic  action 
of  live  cultures  of  S.  typhimurium  and  their  neurotoxin;  in  rabbits  immunized 
with  a  vaccine  of  S.  typhimurium,  only  the  distal  section  showed  any 
sensitivity;  in  the  latter  case  there  was  a  decline  in  the  intensity  of  the 
multiplication  of  S.  typhimurium  in  the  lumen  of  the  small  intestine. 
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PRECIPITATING  ANTIGENS  OF  CAUSATIVE  AGENTS  OF  PLAGUE,  GLANDERS,  AND 
MELIODOSIS  WITH  AQUEOUS  SALINE  EXTRACTS  OF  DIFFERENT  PLANT  SPECIES 

Moscow  ZHURNAL  MIKROBIOLOGII ,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11 
1983  (manuscript  received  26  Oct  82)  pp  57-58 

[Article  by  A.  M.  Loktionov,  I.  N.  Gaitova,  and  V.  M.  Samygin,  Volgograd 
Antiplague  Scientific  Research  Institute] 

[Text]  Numerous  research  studies  have  confirmed  that  there  are  various 
agglutinins  and  precipitins  in  aqueous  saline  extracts  of  seeds  and  other  parts 
of  plants;  they  are  called  phytohemagglutinins  and  lectins  [1,  6].  For  example, 
extracts  from  the  leaves  of  the  ornamental  plant  Cotyledon  scheidecheri 
agglutinated  cultures  of  Salmonella  typhi  and  Vibrio  cholerae,  and  they  also 
precipitated  proteins  from  horse  and  frog  serum  [2]. 

Many  authors  have  described  the  precipitation  of  proteins,  polysaccharides,  and 
glycoproteins  caused  by  lectins. 

Repeated  efforts  to  find  lectins  that  interact  specifically  with  bacterial 
antigens  have  met  with  little  success.  Relatively  recently  two  papers  appeared 
on  the  possibility  of  selective  diagnosis  of  streptococci  from  the  oral  cavity 
(Streptococcus  mutans)  using  lectins  from  rutabagas  and  of  the  gonorrhea  agent 
using  lectins  from  the  wheat  germ  [4,  5]. 

In  the  available  literature  we  did  not  find  any  information  on  the  interaction 
between  aqueous  saline  extracts  of  plants  and  antigens  of  agents  of 
particularly  dangerous  diseases. 

The  aim  of  the  present  work  was  to  test  aqueous  saline  extracts  from  seeds  of 
various  types  of  plants  with  antigens  of  agents  of  plague,  glanders,  and 
melioidosis  in  an  immunodiffusion  reaction  in  gel. 

Materials  and  methods.  Our  research  materials  included  seeds  from  various 
types  of  plants;  antigens  of  plague  agents  (fractions  1  and  2,  obtained 
according  to  the  method  described  by  Baker);  cultures  of  glanders  agents 
(Pseudomonas  mallei  10230)  and  melioidosis  agents  (P.  pseudomallei  59361)  in  a 
concentration  of  2-4*10iU  microbial  cells  per  ml;  these  agents  had  been  killed 
with  0.5  percent  formalin;  agar  (Difco);  normal  rabbit  serum  obtained  at  the 
Volgograd  Antiplague  Scientific  Research  Institute;  phytohemagglut mms  and 
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was  extracted  for  18  hours  at  room  tin,  ^  ratl°  °f  1:5“l!l°-  material 

centrifugation.  The  issnunodiffusion XIST.®  ^ 

::^daaade:ha  “  »*™L:;pa£r^r*: 

saline  extracts  tested.  »  had 

table).  As  a  rule,  the  extracts  had a!  iS™* • «  aT}tl*ens  ^ed  here  (see 
of  the  antigens.  Extracts  from  date  pits  had°hif fusion  reaction  with  several 
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increased  activity  with  the  melioidosis^gfnt  ^Thei^tit™  ****  e*ttaCtB  had 
1:8,  respectively.  Extracts  from  buckwheat  datJ  T  W6fe  1:2»  1:4« 

have  a  positive  immunodiffusion  reaction  with  *  f-P  tS>  and  aPPle  seeds  did  not 
overwhelming  majority  of  extracts  reaC?!/-  ^  8608  °f  P*  mallei*  The 

proteins  from  normal  rabbit  serum.  The  comm, r  '  ^unodif fusion  reaction  with 
and  concanavalin  A  did  not  react  with  the^llctll  lectlns  Phytohemagglutinin 
did  precipitate  the  normal  rabbit  serum  and  the  ho  ^  °f  ant^ens*  *»ut  they 

example  of  the  positive  immunodiff fusion  reacting  of "th86™”  albumin!  An 
of  date  pits  is  presentpH  -»r»  *.u  •  the  aqueous  saline  extract 

reproduced] .  presented  l"  che  accompanying  photograph  [photograph  not 
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Key: 


1.  Number  (in  order) 

2.  Type  of  seed  extract 
3*  Antigens 


4.  Fraction  1 

5.  Fraction  2 

6.  Normal  rabbit  serum 


7*  Buckwheat 

8.  Dates 

9.  Almonds 
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10.  Lentil 


11.  Rape 

12.  Corn 

13.  Grapes 

14.  Apples 

15.  Peach 


16.  Pumpkin 

1 7 .  Rhubarb 

18.  Acorns 

19.  Phytohemagglutinin 

20.  Concanavalin  A 


The  extracts  of  rhubarb  and  grape  seeds  maintained  their  original  activity 
after  being  heated  at  70°C  for  15  minutes;  the  same  was  true  for  the  acorn 
extract  which  was  heated  atl00°C  for  60  minutes.  When  the  rhubarb  seed  and 
acorn  extracts  underwent  dialysis  through  a  cellophane  membrane  and  tap  water 
for  24  hours,  they  completely  lost  their  precipitating  activity.  This  can  be 
explained  by  the  fact  that  the  active  principle  has  a  sufficiently  low 
molecular  weight  [to  3*10  -4* 104  atomic  units)  and  is  removed  during  dialysis. 

Thermostabile  lectins  have  been  described  in  the  literature  [1-3].  Still,  for 
conclusive  proof  of  the  lectin  nature  of  the  precipitation  activity  that  we 
observed  in  the  interaction  of  aqueous  saline  extracts  of  plants  with  bacterial 
antigens,  it  is  necessary  to  prove  in  each  case  that  the  active  principle  is 
protein  and  certain  radicals  of  carbohydrate  molecules  participate  in  e 
reaction* 

Conclusion 

In  a  study  of  the  interaction  of  aqueous  saline  extracts  of  55  types  of  plants 
in  an  immunodiffusion  reaction  in  gel  with  antigens  of  plague,  glanders,  and 
melioidosis  agents,  the  aqueous  saline  extracts  of  seeds  from  12  types  of 
plants  had  positive  reactions.  A  number  of  extracts  reacted  positively  with 
normal  rabbit  serum  and  bovine  serum  albumin. 
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DIAGNOSTIC  TEST  SYSTEM  FOR  QUANTITATIVE  DETERMINATION  OF  SHIGELLA  ANTIGEN 
IN  PATIENTS’  BLOOD  BY  ELISA 

Moscow  ZHURNAL  MIKROBIOLOGII ,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII ,  No  11,  1983 
(manuscript  received  13  Dec  82)  pp  64-67 

[Article  by  S.  V.  Shabalina,  E.  G.  Abdurakhmanova,  and  V.  P.  Timina, 

Central  Epidemiology  Scientific  Research  Institute  of  the  USSR  Ministry  of 
Health,  Moscow] 

[Text]  In  the  diagnosis  of  acute  dysentery,  methods  for  determining  specific 
shigella  antigens  in  biological  substrates  are  of  particular  interest.  The 
primary  advantage  of  these  methods  over  bacteriological  methods  is  the 
possibility  of  rapidly  obtaining  results  in  the  early  stages  of  the  disease. 

In  contemporary  clinical  immunology,  a  number  of  methods  are  used  to  identify 
specific  antigens,  including  the  complement  fixation  reaction,  the  indirect 
hemagglutination  reaction,  the  aggregate  hemagglutination  reaction,  the 
radioimmunology  method,  and  others  [1,  7].  These  reactions,  however,  have 
significant  shortcomings  that  limit  their  application.  In  particular,  the 
indirect  hemagglutination  reaction  and  the  aggregate  hemagglutination  reaction 
make  it  possible  to  give  basically  a  semi-quantitative  evaluation  of  the 
results,  and  the  radioimmunology  method  requires  complicated  equipment  and  a 
large  number  of  special  reagents.  Therefore,  it  is  very  important  that  we 
search  for  and  apply  new  and  better  diagnostic  tests  that  will  make  it  possible 
to  make  diagnoses  in  the  early  stages  of  the  disease. 

The  results  of  research  that  is  being  carried  out  intensively  abroad  and  in  our 
country  have  shown  that  the  immuno-enzymatic  analysis  is  very  promising  in  this 
regard  [2-5].  This  test  is  characterized  by  a  high  degree  of  sensitivity,  rapid 
set-up,  and  the  possibility  of  making  a  quantitative  analysis  of  the  reaction 
results,  which  is  very  important  for  an  objective  evaluation  of  the  activity  of 
the  pathological  process. 

The  aim  of  the  present  study  was  to  develop  the  optimal  parameters  for  a 
diagnostic  test  system  for  determining  the  antigens  of  S.  sonnei  and  S. 
flexneri  in  the  blood  of  patients  suffering  from  acute  dysentery  using  the 
immuno-enzymatic  analysis  method. 

Materials  and  methods.  We  used  microtitration  polystyrene  plates  from  the 
"Cooke  Microtiter"  company  as  the  solid  foundation  for  joining  the  antibodies. 

We  used  S.  sonnei  and  S.  flexneri  antigens  obtained  by  means  of  the  water  and 
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phenol  ^racUoii  method  developed  by  Vestfal'  at  the  Allergy  and  Immunology 
aboratory  of  the  Central  Epidemiology  Scientific  Research  Institute. 

As  the  source  of  specific  antibodies  we  used  rabbit  sera  immune  to  S.  sonnei 

Scientif!rTri  pr®pared.at  th?  Leningrad  Epidemiology  and  Microbiology 
Scientific  Research  Institute  imeni  L.  Pasteur.  The  globulin  fractions  of  the 

two-fol^Jd-8  W®r®  obtai?ed  ^cording  to  Poison’s  method  which  involves 
two  fold  sedimentation  using  a  20  percent  solution  of  polyethylene  glycol  with 
a  molecular  weight  of  6000.  *  gi-ycoi  witn 

The  enzymatic  conjugation  of  the  gamma-globulin  fractions  was  carried  out 

oxidation  of  Iht  desCfibed  by  Nakane  which  is  based  on  periodate 

result  of  this  thT-^  P°lysaccharide  Part  of  the  peroxidase  molecule;  as  a 
result  of  this,  the  aldehyde  groups  that  are  formed  in  the  peroxidase  react  with 

"^“'"cnl^T  R  -3  0  ?rib°dy  »«  used  a  peroxidase  from  the 

it  i c  t-hc.  S  (Rz  18  an  lndlcator  of  the  enzyme's  degree  of  purity 

eolation  a”  ™  d!f feere“„th:a:eeSu;gthsf--0DSUria"„8dtSD  io". 

The  optimal  value  is  3.0.)  We  added  12  mg4§?  peroxillge  ^“o^g  “lip. 

70’c'inaiOOC^  dissolv<i‘1  80  mg  of  5-aminosalicylic  acid  at 

70  C  in  100  ml  of  distilled  water  and  brought  the  pH  of  the  resulting  solution 

to  6.0  using  a  0.1  N  solution  of  HaOH.  We  added  a  working  solution  of  H  0  to 
before8  it ‘was  “  "  8  ^  °f  10:K  “*  S"bSt”" 

?LHnn!„akUafUti0“i°f  ummuno-enzymatic  analysis,  the  ELISA  test  (enzyme-linked 
immunosorbent  assay).  We  evaluated  the  results  of  the  reaction  by  the 

after  £eeoin.  £he8Ttlng  °f  the  aubstr*te-  Th'  reaction  was  checked  visually 
after  keeping  the  plates  at  room  temperature  for  1  hour;  an  instrumental  X 

evaluation  was  made  by  measuring  the  extinction  indicator  on  a  "Dynatech" 

Quality  of* d  WltJ  the  ai”  °f  making  3  direct  eval“ation  of  the  absolute 
correlatio  7  antigens  we  made  a  graph  for  each  experiment  showing  the 

order  to  do  thlTth  ®Xtlnct1ion.  indfcator  and  the  quantity  of  antigens.  In 
concentration  30  860  S°lutl°n  ln  each  dish  was  titrated  with  a  known 

Results  and  discussion.  As  a  result  of  this  research,  we  developed  the 

doseTlTthl  I™  3  dia8nostic  tegt  system:  a)  the  sensitizing 

doses  of  the  antibodies;  b)  the  pH  buffer  solutions  for  diluting  the  reagents- 
c)  temperature  and  time  conditions.  g  ^agents, 

titra?itrthir*itiZi”8  dOS6S  °f  Specific  8amma  globulins  were  determining  by 
titrating  them  at  various  concentrations  (from  5  to  200  mg/ml).  Figure  1 

presents  the  results  of  selecting  the  optimal  sensitizing  dos^  of  Specific 

fn7thf  most^Lh?  ^  °f  extraPolation  curves.  The  maximum  sensitivity 

•  tle  r68ultS  Wer®  obtained  when  we  used  gamma  globulins  for  S. 

IZtn t^o”^.^  25  P8/ml‘  and  8amma  8l°bUlinS  f0r  S*  a 
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Fig.  3 


Fig.  1  Fig.  2 


Figure  1*  Selection  of  the  optimal  sensitizing  doses  of  specific  gamma 
globulins  for  antigens  of  S.  sonnei  (1)  and  S.  flexneri  (2).  The  horizontal 
axis  represents  the  doses  of  gamma  globulins  (in  pg/ml);  the  vertical  axis 
represents  the  extinction  indicators. 

Figure  2.  The  effect  of  the  pH  of  the  buffer  solutions  on  the  serological 
activity  of  specific  gamma  globulins  for  S.  sonnei  (1)  and  S.  flexneri  (2). 

The  horizontal  axis  represents  the  pH  of  the  buffer  solutions;  the  vertical 
axis  represents  the  extinction  indicators. 

Figure  3.  The  effect  of  temperature  and  time  of  incubation  on  the  serological 
activity  of  specific  gamma  globulins  for  S.  sonnei  (1)  and  S.  flexneri  (2)  at 
4°C;  of  Sonne's  antigen  (3)  and  Flexner's  antigen  (4)  at  37°C.  The  horizontal 
axis  represents  the  time  of  incubation  (in  hours);  the  vertical  axis  represents 
the  extinction  indicators. 

To  determine  the  effect  of  the  pH  of  the  buffer  solutions  on  the  serological 
activity  of  the  antibodies  we  used  potassium  phosphate  and  carbonate  buffer 
solutions  with  pH  ranging  from  2.0  to  12.0.  Figure  2  presents  the  results  of 
correlating  the  serological  activity  of  the  specific  gamma  globulins  and  the 
buffer  solutions.  The  maximum  serological  activity  of  the  gamma  globulins  was 
observed  when  2  buffer  solutions  were  used:  a  potassium  phosphate  buffer  with 
a  pH  of  7.4  and  a  compensating  solution  with  a  pH  of  9.6. 

A  comparative  analysis  of  the  reaction  under  different  temperature  conditions 
(37°  and  4°C)  and  various  incubation  periods  for  the  antibodies  and  antigens 
(0.5,  1,  2,  3,  4,  and  24  hours),  showed  that  the  most  rational  conditions  were 
incubation  of  polystyrene  dishes  with  gamma  globulins  for  24  hours  at  4°C  (see 
figure  3).  The  serological  activity  of  the  antigens  (when  patients'  serum  was 
added)  was  optimal  when  the  incubation  was  for  1.5  hours  at  37°. 

Thus,  the  tests  on  a  number  of  parameters  of  the  diagnostic  test  system  allow 
us  to  suggest  some  optimal  conditions  for  setting  up  a  reaction  to  determine  S. 
sonnei  and  S.  flexneri  antigens  in  patients'  blood  using  immuno-enzymatic 
analysis:  the  sensitizing  dose  of  Sonne's  gamma  globulin  is  25  pg/ml;  of 

Flexner's  gamma  globulin,  it  is  50  pg/ml;  the  pH  of  the  buffer  solutions  for 
sensitizing  the  antibodies  is  7.4  and  9.6;  the  time  and  temperature  of 
incubation  for  gamma  globulins  is  24  hours  at  4°C  and  for  antigens  it  is  1.5 
hours  at  37°. 
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This  diagnostic  test  system  made  it  possible  to  determine  the  S.  sonnei  and  S. 
rlexneri  antigens  with  an  accuracy  of  up  to  10  J  jjg/ml. 

To  test  this  method  clinically,  we  studied  1207  samples  of  blood  serum  from  564 
people,  including  256  who  were  suffering  from  acute  dysentery.  The  control 
!I5>mon!?i1S1'ted  I'"  patients  with  a  bacteriologically  confirmed  diagnosis  of 

of  the  «hi 8 *11 8nd  J-4  heal^hy  lndlviduals.  We  compared  the  frequency  and  level 
of  the  shigella  antigens  that  were  found  in  those  suffering  from  acute 

dysentery  and  in  the  healthy  individuals.  In  the  healthy  group  we  found  the  S 

in'if ln  6  °f,154  Pe°Ple  (4  Percen°  ■"<  tha  *• 

confirmed  «f5  pe!:‘en!;)'  *"onS  the  54  PeoPle  suffering  from  bacteriologically 
confirmed  salmonellosis,  the  S.  sonnei  antigen  was  found  in  5  people  (9 

theC2d6  S*.f?eXneri  ®"ti8en  was  found  in  7  People  (12  percent).  Among 

the  296  people  with  acute  Flexner's  dysentery,  the  Flexner-specif ic  antigen  was 

oun  in  3  (72  percent);  among  60  people  suffering  from  acute  Sonne's 
dysentery,  the  Sonne-specific  antigen  was  found  in  42  (70  percent). 

12‘3luI/ml°fiSP'C^i-/h1i8ellLan^i8enS  in  healthy  individuals  did  not  exceed 
A*  Za-  lnd"V"duals  suffe£ing  from  salmonellosis,  the  S.  sonnei  antigen 

In  auanHt?esqUan  ta  32  a*d  the  S.  flexneri  antigen  was  found 

in  quantities  up  to  64  pgmlj  in  people  with  acute  dysentery  these  antigens 
were  found  in  concentrations  of  up  to  125  pg/rnl  of  serum.  8 

Thus,  we  found  statistically  significant  differences  in  the  incidence  and  level 
in  control0 individuals ?ntl^enS  ^  "  P*ti“t*  SUff"in8  fro”  and 

tiTXiX' analysis  "echod  can  be 

Conclusions 

X\  We  (ieveioped  the  optimal  parameters  of  a  diagnostic  test  system  for 
establishing  the  presence  of  S.  sonnei  and  S.  flexneri  antigens  in  the  blood  of 
patients  with  acute  dysentery* 

£fng  this  5  syatem’  w?  found  statistically  significant  differences  in 
e  frequency  and  level  at  which  specific  antigens  of  dysentery  agents  are 
found  m  the  blood  of  patients  and  healthy  individuals. 

3.  We  demonstrated  the  possibility  of  using  the  test  in  making  a  serological 
diagnosis  of  acute  dysentery.  «iuiogicai 


BIBLIOGRAPHY 


Kostyukova,  N.  N.,  Turmanyan,  A.  A.,  and  Arbekova,  V.  P.,  ZH.  MIKROBIOL. , 
™o  ^ )  ly/Sj  p  100* 

Pokrovskiy,  V.^I.,  Shabalina,  S.  V.,  Semina,  N.  A.,  et  al.,  KLIN.  MED., 


80 


3.  Avrameas,  S.  and  Juilbert,  B.  S.  R.  ,  C.  R.  ACAD.  SCI.  (Paris),  SER.  D. , 

Vol  273,  1971,  p  2705. 

4.  Carlsson,  H.  E. ,  ACTA  PATH.  MICROBIOL.  SCAND. ,  SECT.  C. ,  Vol  84,  1976, 

168. 

5 .  Fies j ema ,  R.  H. ,  Beuvery ,  E.  C . ,  Fa  Pas,  B.  J . ,  BULL .  WLD .  HLTH.  ORG . , 

Vol  55,  1978,  pp  43-47. 

6.  Kayhty,  H. ,  Makela,  P.,  Rnoslanti,  E.,  J.  CLIN.  PATH.,  Vol  30,  1977,  p  831 

7.  Labrooy,  J.,  Rowley,  D.,  and  Shearman,  D. ,  CLIN.  EXP.  IMMUNOL.,  Vol  41, 
1980,  pp  281-289. 

8.  Nakane,  P.  K.  and  Kawaoi,  A.  J.,  J.  HISTOCHEM.  CYTOCHEM.,  Vol  22,  1974, 
pp  1084-1091. 

9.  Taylor,  C.  R. ,  ARCH.  PATH.  LAB.  MED.,  Vol  102,  1978,  p  113. 

10.  Voller ,  A.  and  Bidwell,  D.  E.,  BRIT.  J.  EXP.  PATH.,  Vol  56,  1975,  p  338. 

COPYRIGHT:  "Zhurnal  mikrobiologii,  epidemiologii  i  immunobiologii",  1983 

9967 

CSO:  8144/0967 


81 


UDC  616 .98:578. 833 . 26/-092 : 612 . 017 . 1 

SENSITIVITY  OF  DIFFERENT  CELL  POPULATIONS  IN  IMMUNE  SYSTEM  OF  MICE  TO 
TICK-BORNE  ENCEPHALITIS  VIRUS 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII ,  No  11, 
1983  (manuscript  received  24  Feb  83)  pp  75-78 


[Article  by  V.  V.  Vargin  and  B.  F.  Semenov,  Poliomyelitis  and  Viral 
Encephalitides  Institute  of  the  USSR  Academy  of  Medical  Sciences,  Moscow] 

[Text]  In  recent  decades  a  very  important  feature  of  the  pathogenesis  of  viral 
infections  has  been  discovered.  It  has  been  determined  that  many  viruses  can 

mu,  ln  *he  ce*ls  of  the  immune  system,  which  results  in  a  nonspecific 

modulation  of  the  immune  response  [4,  5]* 

Cells  have  been  found  in  populations  of  mice  B-  and  T-lymphocytes  and  monocytes 
hat  are  accessible  to  the  lymphocytic  choriomeningitis  virus  [7].  The 
.  OC?tes  a  sensitive  host  can  be  infected  by  adenovirus  [8],  the  herpes 

»?«ophagMU[4.“!  9l!  *°  h"PeS  Vir"S  1U‘  12!'  M“y  VirUSeS  "u,ltipl>’  i- 

rritiVity  °f  rarfOU*  cefl  populations  in  the  immune  system  of 
mice  to  the  tick-borne  encephalitis  (TBE)  virus  in  vivo. 

Materials  and  methods.  For  the  experiments  we  used  BALB  mice  weighing  18-20  e 

fr°m  the.b^eedl”8.facility  of  the  USSR  Academy  of  Medical  Sciences, 
he  were  infected  in  the  abdomen  with  the  Sofyin  TBE  strain  using  a 

°f  3  «1  [expansion  unknown].  We  then  determined  which  fe!ls  in 

the  spleen,  thymus,  and  bone  marrow  were  capable  of  forming  infection  centers. 

To  indent if y  these  cells  we  used  suspensions  containing  2‘105-2*107  live  cells 
per  i  ml.  ^he  erythrocytes  were  first  removed  from  the  suspensions  by  means  of 
0.83  percent  NH Cl.  We  placed  0.2  ml  of  the  suspension  on  a  monolayer  of  a 

?nX!df-hUltU^  reaal  eP^helium  from  a  mature  pig;  the  cultures  were  placed 
in  a  thermostatic  chamber  for  60  minutes  at  37°C;  then  an  agar  covering  with  a 
neutral  stain  was  placed  in  the  flasks  [14].  The  cultures  were  incubafed  in  the 
hemostatic  chamber  for  6-7  days,  after  which  we  determined  the  number  of 
negative  colonies  (markers).  The  number  of  cells  capable  of  forming  infection 

inn^hrfT!SveXPrer*d-aS  T  d\fference  between  the  number  of  infection  centers 
in  the  flasks  containing  the  cells  being  studied,  and  the  number  of  cells  in 
the  cultures  that  had  been  inoculated  with  a  fluid  fraction  (the 
suprasedimentary  fluid)  of  the  cell  suspension. 
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The  T-lymphocytes  were  removed  by  means  of  the  immune  cytolysis  reaction;  this 
reaction  was  set  up  using  anti-theta  serum  and  complement  from  a  guinea  pig. 

We  obtained  anti-theta  serum  by  immunizing  AKR  mice  with  thymocytes  from  CBA 
mice  [10].  The  guinea  pig  serum  which  served  as  complement  was  first  adsorbed 
by  spleen  cells  from  BALB/c  mice  for  30  minutes  at  4°C.  The  cytolysis  reaction 
was  carried  out  at  37°C. 

The  cells  infected  with  the  virus  were  lysed  by  specific  antibodies  in  the 
presence  of  complement  [3].  Commercial  equine  gamma  globulin  from  the  Tomsk 
Vaccines  and  Sera  Scientific  Research  Institute  was  used  as  the  source  of 
antibodies  against  the  TBE  virus.  We  used  fresh  serum  from  guinea  pigs  as 
complement. 

In  order  to  separate  the  macrophages,  3  10^  cells,  suspended  in  3  ml  of  medium 
No  199  with  3  percent  calf  serum,  were  placed  in  Petri  dishes  10  cm  in 
diameter.  After  incubation  for  2  hours  at  37°C,  the  non-adhering  cells  were 
removed  by  rinsing;  the  cells  remaining  on  the  glass,  which  accounted  for  5-7 
percent  of  the  original  population,  were  removed  with  a  spatula  and  used  in 
later  experiments. 

The  geometric  mean  indicators  of  the  number  of  cells  capable  of  forming 
infection  centers  obtained  in  the  experiments  were  analyzed  using  the  Student's 
t-test  [6]. 

Results  and  discussion.  Preliminary  experiments  established  that  the  TBE  virus 
is  capable  of  multiplying  in  the  spleen,  thymus,  and  bone  marrow  of  mice.  The 
data  presented  in  the  accompanying  graph  show  that  the  TBE  virus  was  found  in 
splenocytes  and  bone  marrow  cells  24  hours  after  it  was  introduced  into  the 
abdomen.  The  TBE  virus  was  found  in  thymocytes  on  the  second  day  of  the 
experiment. 

The  largest  number  of  cells  capable  of  forming  infection  centers  was  found  in 
the  spleen  (80-200  per  10°  cells).  Fewer  infected  cells  were  found  in  the 
bone  marrow  (50-90  per  10  splenocytes)  and  in  the  thymus  (20-40  per  10^).  The 
infection  of  immune  system  organs  was  short  term.  Seven  days  after  the 
contamination  no  TBE  virus  was  found  in  the  splenocytes  or  in  the  bone  marrow 
cells.  The  TBE  virus  remained  in  the  thymocytes  for  a  longer  period  of  time 
(up  to  10  days,  when  there  paralysis  developed  and  animals  died). 

The  formation  of  infection  centers  in  the  culture  of  renal  epithelium  from  a 
mature  pig  was  not  related  to  the  presence  of  free  virus  or  virus  that  had  been 
adsorbed  by  cells  in  the  cell  suspensions  being  studied.  The  formation  of 
negative  colonies  took  place  only  when  the  immune  system  cells  introduced  into 
the  test  system  were  capable  of  synthesizing  proteins.  After  the  splenocytes 
were  treated  with  cycloheximide,  the  number  of. marker  cells  in  the  culture  of 
mature  pig  renal  epithelium  dropped  to  one-twenty-second  of  the  quantity  in  the 
control  (see  table).  These  results  permit  us  to  suppose  that  there  is  active 
multiplication  of  the  virus  in  the  cells  of  the  immune  system.  Also  supporting 
this  supposition  are  the  results  of  experiments  to  determine  the  sensitivity  of 
the  splenocytes  and  the  subpopulations  isolated  from  them  to  the  action  of 
antibodies  against  the  TBE  virus  in  the  presence  of  complement.  The 
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development  of  immune  cytolysis  indicates  the  presence  of  specific  antigen 
determinants  on  the  cytoplasmic  membranes  of  cells  capable  of  forming  infection 
centers,  which  appear  in  the  process  of  the  virus'  replication.  After  the 
destruction  of  cells  that  carry  viral  antigens  on  their  surface,  there  was  a 
significant  decrease  in  the  number  of  cells  capable  of  forming  infection 
centers  in  the  splenocyte  culture. 


The  dynamics  of  the  accumulation  of  cells  capable  of  forming  infection  centers 
in  the  spleen,  thymus,  and  bone  marrow  of  BALB/c  mice  infected  with  TBE  virus. 

1 — The  results  of  identifying  cells  capable  of  forming  infection  centers  among 
the  splenocytes;  2 — among  the  thymocytes;  3 — among  bone  marrow  cells.  The 
horizontal  axis  represents  the  amount  of  time  following  the  infection  (in 
days);  the  vertical  axis^represents  the  number  of  cells  capable  of  forming 
infection  centers  per  10°  cells  studied. 

It  has  been  established  that  an  increase  in  splenocytes'  functional  activity 
led  to  a  rise  in  the  number  of  cells  capable  of  forming  infection  centers  that 
were  found  in  the  suspensions.  For  example,  the  original  suspension  of 
splenocytes  from  infected  mice  contained  161-198  cells  capable  of  forming 
infection  centers  per  10  cells;  after  contact  with  the  mitogen 
(phytohemagglutinin),  this  indicator  rose  to  216-258.  Consequently,  the 
intensity  of  the  infection  process  in  splenocytes  depended  on  the  level  of  the 
exchange  processes,  since  the  effect  of  phytohemagglutinin  on  the  cells  is  tied 
primarily  to  a  change  in  the  synthesis  of  DNA  [13]. 

The  results  of  the  research  allow  us  to  say  that  the  TBE  virus  multiplies  at 
least  in  two  populations  of  spleen  cells:  in  the  population  with 
characteristics  of  T-lymphocytes  (the  presence  of  the  theta  antigen  and 
inability  to  adhere  to  a  glass  surface)  and  in  the  population  with 
characteristics  of  macrophages  (cells  that  adhere  to  a  glass  surface  and  that 
are  without  the  theta  antigen). 

Thus,  this  research  has  expanded  the  list  of  viruses  that  are  capable  of 
multiplying  in  the  T-lymphocytes  of  a  sensitive  host.  The  in  vivo  experiments 
confirmed  reports  based  on  in  vitro  experiments  that  showed  that  macrophages 
are  a  system  that  is  accessible  to  the  TBE  virus  [5].  We  demonstrated  a 
correlation  between  the  sensitivity  of  these  immune  system  cells  to  the  TBE 
virus  and  their  functional  activity.  In  the  culture  of  splenocytes  stimulated 
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by  phytohemagglutinin,  there  was  a  larger  number  of  cells  infected  by  the  TBE 
virus  than  in  populations  of  intact  cells. 


Characteristics  of  splenocytes  that  form  infection  centers 
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*The  cells  were  incubated  in  medium  No  199  that  contains  cycloheximide  in  a 
concentration  of  200  pg/ml. 


Key: 


1.  Type  of  cell 

2.  Treatment 

3.  Number  of  infection  centers 
(per  106  cells) 

4.  Splenocytes 

5.  Fraction  of  splenocytes  not 
adhering  to  glass 

6.  Fraction  of  splenocytes 
adhering  to  glass 


7.  No  treatment 

8.  Cycloheximide 

9.  Anti-theta  serum 

10.  Anti-theta  serum  +  complement 

11.  Antibodies  against  TBE  virus 

12.  Antibodies  against  TBE  virus  + 
complement 


The  data  on  the  ability  of  the  TBE  virus  to  multiply  in  cells  with 
characteristics  of  T-lymphocytes  and  macrophages  correspond  to  the  facts 
described  earlier  concerning  the  nonspecific  modulation  of  the  immune  response 
to  unrelated  antigens  in  experimental  infection  by  TBE  virus  [1-3]. 


Theoretically,  the  consequences  of  viral  infection  of  immune  system  cells  can 
be  varied:  the  infected  cells  can  die;  they  can  retain  their  viability  but 
have  a  loss  of  functions  tied  to  the  reaction  to  the  antigen;  and  elimination 
of  the  infected  subpopulation  of  T  killer  cells  directed  against  the  virus. 


Considering  that  the  TBE  virus,  as  a  rule,  causes  a  noncytocidal  infection  of 
cells,  it  is  logical  to  suppose  that  the  infected  immune  system  cells  develop 
reversible  functional  defects,  that  are  the  basis  of  nonspecific  modulation  of 
the  immunological  reactivity  in  vivo. 
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Conclusions 


1.  In  the  case  of  acute  infection,  the  TBE  virus  multiplies  in  various  immune 
system  organs:  in  the  spleen,  thymus,  and  bone  marrow. 

2.  In  the  spleen  the  targets  of  the  virus  are  cells  with  T-lymphocyte 
characteristics  (that  have  the  theta  antigen  and  do  not  adhere  to  glass)  and 
cells  with  macrophage  characteristics  (that  do  not  have  the  theta  antigen  and 
do  adhere  to  glass). 

3.  The  virus  multiplies  only  in  those  cells  of  the  immune  system  in  which  the 
synthesis  of  DNA  takes  place;  the  activation  of  the  cells  by  mitogens  increases 
their  sensitivity  to  the  TBE  virus. 
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[Article  by  L.  S.  Kamennova,  V.  I.  Pokrovskaya,  ,  V.  P.  Vasil 'yeva,  L.  I. 
Petrova,  V.  B.  Lyubomudrov,  Ye.  V.  Gavrilova,  V.  A.  Golovanova,  and  A.  Ye. 
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Station,  Novgorod] 

[Text]  For  many  years  scientists  have  been  studying  the  question  of  the 
duration  of  immunity  in  people  who  have  been  vaccinated  against  tularemia  or 
who  have  had  the  disease;  an  effort  is  being  made  to  find  more  sensitive 
methods  for  determining  the  duration  of  immunity.  The  literature  contains 
contradictory  data  on  the  effectiveness  of  tests  now  being  used  to  determine 
the  length  of  immunity.  The  tularine  skin  test  that  is  used  extensively  is  the 
most  convenient  and  the  most  easy  to  perform  under  any  conditions  because  it  is 
easier  to  set  up  and  easier  to  evaluate  its  results  in  comparison  to 
serological  methods. 

Many  authors  have  indicated  that  when  the  vaccination  is  done  properly,  the 
allergic  skin  reaction  in  vaccinated  individuals  that  appears  after  the 
tularine  skin  test  remains  for  a  fairly  long  period  of  time.  It  also  appears 
earlier  and  disappears  later  than  the  antibodies  that  are  found  in  serological 
reactions  [4,  7-9,  11]. 

In  the  overwhelming  majority  of  cases  of  individuals  who  have  had  tularemia, 
the  body's  sensitization  to  the  tularemia  antigen,  which  is  revealed  by  the 
tularine  skin  test,  remains  positive  for  10,  26  and  40  years  after  the  illness 
and  it  often  lasts  for  the  individual's  entire  life  [2,  9,  14]. 

In  recent  years,  however,  papers  have  appeared  that  show  the  allergic  skin  test 
lagging  behind  the  serological  reactions.  Data  have  been  published  showing 
that  5  years  after  the  vaccination  the  tularine  test  fails  to  reveal  an  average 
of  up  to  10-15  percent  of  the  immuno-positive  individuals  [12].  Negative 
results  have  been  obtained  using  the  skin  test  on  residents  of  northern  regions 
and  the  Far  East  who  have  had  positive  serological  reactions  [1,  3,  15], 
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In  a  retrospective  study  of  tularemia  among  populations  in  regions  along  the 
route  of  the  Baykal-Amur  Mainline  in  Khabarovsk  Kray  between  1977  and  1980,  we 
did  not  obtain  data  confirming  a  weak  allergic  skin  reaction  in  individuals  who 
were  natives  of  the  Far  East,  such  as  the  Nanays,  Yakuts,  and  so  on  [5]. 

It  is  possible  that  the  contradictions  in  the  data  obtained  by  different 
investigators  who  evaluated  allergic  and  serological  reactions  to  determine 
immunity  among  vaccinated  individuals  are  tied  to  inaccurate  documentation  on 
the  vaccinations  themselves,  the  conditions  under  which  the  vaccine  was  stored, 
the  inoculation  techniques,  the  performance  of  the  tularine  tests,  and  the 
conditions  under  which  the  sera  to  be  studied  were  stored  and  transported. 

In  order  to  study  the  question  of  correlation  between  the  allergic  test  and 
serological  reactions  (the  agglutination  reaction  and  the  passive 
hemagglutination  reaction)  in  individuals  vaccinated  against  tularemia  or  in 
individuals  who  have  had  the  disease,  between  1981  and  1982  we  made  a  selective 
study  of  the  population  in  3  enzootic  rayons  in  Novgorod  Oblast  (Novgorodskiy 
rayon,  Chudovskiy  rayon,  and  Malo-Visherskiy  rayon).  The  existence  of  natural 
nidi  for  the  infection  in  this  territory  has  been  described  earlier;  cultures 
of  the  tularemia  microbe  have  been  isolated  from  the  water  of  local  rivers  a 
number  of  times  over  the  course  of  many  years  and  are  still  being  isolated 
today;  the  last  mass  outbreak  of  the  disease  was  reported  in  1963-1964  [10]. 
Mass,  systematic  vaccinations  with  regular  revaccination  every  5  years  have 
reduced  the  incidence  of  the  disease  to  sporadic  cases. 

In  studying  the  vaccinated  individuals,  we  evaluated  the  results  of  immunity 
tests  only  in  those  people  for  whom  there  was  precise  documentation  on  the 
anamnestic  response  after  inoculation.  There  were  differences  in  the  intervals 
and  number  of  times  that  the  local  medical  network  performed  the  first  and 
repeated  (revaccination)  vaccinations  on  the  groups  we  studied.  Taking  into 
account  the  conclusions  made  by  a  number  of  investigators  on  the  similarity 
among  immunological  indicators  over  recent  years  found  in  vaccinated  and 
revaccinated  individuals  [6,  13],  we  calculated  the  time  since  immunization  from 
the  most  recent  date. 

Materials  and  methods.  Our  study  included  the  collection  of  anamnestic  data, 
taking  blood  from  the  ulnar  vein,  and  performing  a  tularine  skin  test,  the 
result  of  which  was  evaluated  after  48  hours;  when  there  was  a  negative  result, 
it  was  evaluated  again  after  72-96  hours.  Blood  serum  to  which  sodium 
merthiolate  had  been  added  (1:10,000)  as  a  preservative  was  placed  in  sterile 
ampules  and  kept  in  regular  refrigerators  at  4°C  until  being  transported.  The 
sera  were  sent  to  the  Tularemia  Laboratory  at  the  Epidemiology  and  Microbiology 
Institute  imeni  N.  F.  Gamaleya  over  the  course  of  1  month  following  the  time  at 
which  the  blood  sample  was  taken.  Before  being  examined,  the  sera  were  kept 
frozen  at  -10°C.  Over  the  course  of  3  months  after  the  blood  was  taken,  all 
the  sera  were  tested  for  the  agglutination  reaction  and  the  passive 
hemagglutination  reaction  according  to  the  generally  accepted  methods.  Both 
reactions  were  carried  out  in  dilutions  of  1:10-1:1280.  For  the  diagnosis  we 
used  a  preparation  with  heightened  sensitivity  obtained  from  the  "Schu"  strain. 
We  considered  the  latter  dilution  of  the  serum  to  have  a  positive  result  when 
we  observed  agglutination  of  ++++  or  +++. 


89 


Results  and  discussion.  We  studied  a  total  of  1028  individuals;  13  of  whom  had 
a  tularemia  before  and  1015  of  whom  had  been  vaccinated  in  a  various  years. 

Of  those  vaccinated,  369  had  been  vaccinated  once;  493  had  been  vaccinated 
twice;  127  had  been  vaccinated  3  times;  25  had  been  vaccinated  4  times;  and  1 
had  been  vaccinated  5  times.  Out  of  all  those  who  had  been  vaccinated 
negative  allergic  and  serological  reactions  were  obtained  in  28  people’ (2.7 
percent);  this  included  27  people  who  had  been  vaccinated  once  and  1  person  who 
ad  been  vaccinated  twice.  Positive  reactions  (of  any  kind)  were  found  in  987 
of  the  vaccinated  individuals  (97.2  percent);  984  of  those  vaccinated  (99.7 
percent)  had  positive  reactions  in  the  tularine  skin  test;  antibodies  were 
found  in  the  agglutination  reaction  test  in  906  vaccinated  individuals  (91.8 

irrTll  3nd  ant*bodles  were  found  in  the  passive  hemagglutination  reaction  in 
896  of  those  vaccinated  (90.8  percent).  A  negative  tularine  test  was  found 
with  a  positive  serological  reaction  in  3  of  those  who  had  been  inoculated, 
that  is,  in  0.3  percent  of  those  studied. 

As  the  table  indicates,  the  most  effective  test  for  determining  immunity  is  the 
tularine  skin  test.  Shortly  after  the  inoculations,  the  allergic  test  remained 
positive  in  almost  100  percent  of  those  who  had  been  vaccinated;  after  longer 
periods  of  time,  the  number  approached  100  percent.  In  the  first  years  after 
inoculation  both  the  agglutination  reaction  and  passive  hemagglutination 
reaction  tests  were  positive  in  90  percent  of  those  studied;  and  at  the  maximum 
point,  the  agglutination  reaction  was  positive  in  94.7  percent  and  the  passive 
hemagglutination  reaction  was  positive  in  92.1  percent.  In  subsequent  years 
the  serological  indicators  declined.  In  addition  to  vaccinated  individuals,  we 
also  examined  13  people  who  had  had  tularemia  not  long  before  the  study  was 
done  and  also  in  the  distant  past.  The  number  of  cases  were  distributed  as 
follows  in  terms  of  the  amount  of  time  that  had  passed  since  the  illness:  4 
months  -1  person;  2  years— 3  people;  18  years— 1 ;  19  years— 5;  33  years— 1;  and 
36  years— 2.  All  those  who  had  had  tularemia  had  a  clear  allergic  reaction  to 
the  tularine  skin  test.  The  intensity  of  the  skin  reaction  was  clearly 
expressed  in  5  individuals.  In  2  of  the  people  who  had  had  the  disease  19 
years  earlier  we  found  hyperemia  and  infiltration  areas  reaching  4  x  5  cm  in 
size,  with  mean  antibody  titers  in  the  agglutination  reaction  and  the  passive 
hemagglutination  reaction  of  1:40  and  1:80.  Strong  positive  allergic  tests 
were  also  recorded  for  2  people  who  had  had  the  disease  36  years  earlier:  the 
size  of  the  reactive  skin  areas  (with  infiltration  and  hyperemia)  reached  4-5 
cm  with  small  necrotic  changes  in  the  center;  antibodies  were  found  in  the 
agglutination  reaction  m  just  one  of  these  individuals,  with  a  titer  of  1:20* 
antibodies  were  found  in  both  individuals  in  the  passive  hemagglutination 
reaction  in  titers  of  1:20  and  1:40.  A  strong  positive  allergic  test  was  also 
observed  in  the  individual  who  had  had  the  disease  4  months  earlier;  this  was 
com  ined  with  high  antibody  titers  in  both  the  agglutination  reaction  (1:640) 
and  the  passive  hemagglutination  reaction  (1:1280).  Besides  these  strong 
positive  allergic  tests,  in  one  of  the  individuals  who  had  had  the  disease  18 
years  earlier  we  observed  a  weak  positive  result  in  the  tularine  test 
(hyperemia  and  infiltration  up  to  0.5  cm)  with  a  simultaneous  absence  of 
antibodies  in  the  agglutination  reaction  and  a  very  low  titer  of  antibodies  in 
the  passive  hemagglutination  reaction  (1:10).  In  the  rest  of  the  cases 
infiltration  and  hyperemia  in  skin  sections  in  the  tularine  test  did  not  exceed 
1.5  2  cm.  The  average  titers  of  antibodies  in  the  agglutination  reaction  and 
the  passive  hemagglutination  reaction  were  1:10  and  1:80;  only  in  those  who  had 
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had  the  disease  2  years  earlier  did  we  see  antibodies  in  the  agglutination 
reaction  maintaining  a  titer  of  1:160. 

The  effectiveness  of  immunological  tests  at  various  periods  following 
vaccination 
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Note:  The  numerator  represents  the  value  of  the  positive  results  of  antibody 
titration;  the  denominator  represents  the  geometric  mean  of  the  titers. 
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Total  with  positive  reactions 
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3. 
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Conclusions 

1.  In  a  comparative  study  of  the  immunological  reactions  for  determining  the 
duration  of  immunity  in  individuals  inoculated  against  tularemia,  the  largest 
number  of  positive  reactions  was  detected  by  means  of  the  tularine  skin  test 
(99.7  percent). 

2.  Antibodies  were  found  in  91.8  percent  of  the  individuals  in  the 
agglutination  reaction  and  in  90.8  percent  in  the  passive  hemagglutination 
reaction. 

3.  A  negative  allergic  test  in  the  presence  of  antibodies  in  serological 
reactions  was  observed  in  0.3  percent  of  the  vaccinated  individuals  studied. 

4.  Among  the  individuals  who  had  had  tularemia  in  the  past,  an  allegic  skin 
test  and  antibodies  in  the  passive  hemagglutination  reaction  were  recorded  in 
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100  percent  of  the  cases,  regardless  of  the  time  since  the  disease  (the  maximum 
xn  this  study  was  36  years). 

5.  We  observed  a  gradual  decline  in  the  titers  of  antibodies  with  the  passage 
of  time  since  the  vaccination  or  the  disease. 

6.  In  order  to  determine  the  duration  of  immunity  among  an  inoculated 
population  when  preventive  measures  are  being  implemented  against  tularemia  it 
is  best  to  use  the  tularine  allergic  skin  test. 


BIBLIOGRAPHY 

1.  Busoyedov,  N.  M. ,  Beyde,  A.  A.,  Khveshchenko,  Ye.  N. ,  et  al.  DOKL. 

IRKUTSK.  NAUCH.-ISSLED.  PROTIVOCHUMNOGO  IN-TA,  No  8,  1969,  pp  124-126. 

2.  Dzhanpo Iadov,  V.  P. ,  Badalov,  M.  E.,  and  Koimchidi,  Ye.  K. ,  in  "Rostovskiy 
Meditskinskxy  Institut.  Konferentsiya  ,Novyye  Metody  Diagnostiki, 

Lechemya  i  Profilaktiki  Vazhneyshikh  Zabolevaniy' ,  Materialy"  [Rostov 
Medical  Institute.  Conference  on  "New  Methods  for  the  Diagnosis,  Treatment 
and  Prevention  of  the  Most  Important  Diseases".  Materials],  Rostov  on  Don 
1960,  pp  67-68.  * 

3.  Dunayev,  T.  N.,  Vorontsova,  T.  A.,  and  Meshcheryakova,  I.  S..  ZH. 

MIKROBIOL. ,  No  4,  1971,  pp  12-16. 

4.  Kazberyuk,  N.  A.,  Litvinova,  Z.  I.,  Sadovnikova,  R.  N. ,  et  al..  Ibid., 

No  6,  1956,  pp  58-61. 

5.  Kamennova,  L.  S.,  Timoshenko,  V.  I.,  Ananova,  Ye.  V.,  et  al..  Ibid.,  No  5, 

pp  100-103.  * 

6.  Matveyets,  L.  S.,  "Izucheniye  Voprosov  Vaktsinatsii  i  Revaktsinatsii  pri 

ulyaremii  [A  Study  of  Questions  of  Vaccination  and  Revaccination  with 
Tularemia],  candidate's  dissertation,  Moscow,  1962. 

7.  Myasnikov,  Yu.  A.,  in  "Ef fektivnost '  Vaktsinatsii  Protiv  Tulyaremii"  [The 
Effectiveness  of  Vaccination  Against  Tularemia],  Moscow,  1953,  pp  124-132. 

8.  Olsuf'yev,  N.  G. ,  Ibid.,  pp  7-38. 

9.  Olsuf'yev,  N.  G. ,  Borodin,  V.  P.,  and  Tsvetkova,  Ye.  M. ,  in  "Voprosy 
Epidemiologii  i  Profilaktiki  Tulyaremii"  [Questions  in  the  Epidemiology 
and  Prevention  of  Tularemia],  Moscow,  1958,  pp  156-158. 

10*  !ekrrSkfya*  V*  I*’  in  "Tulyareraia  na  Severo-Zapade  RSFSR"  [Tularemia  in 
the  Northwest  RSFSR],  Leningrad,  1967,  pp  57-611 

11.  Sil'chenko,  V.  S.,  m  "Ef fektivnost '  Vaktsinatsii  Protiv  Tulyaremii",  op. 
cit. ,  pp  38—70. 

12.  Timoshenko,  V.  I.,  ZH.  MIKROBIOL.,  No  10,  1979,  pp  113-114. 


13.  Shmuter,  M.  F. ,  in  "Ef fektivnost '  Vaktsinatsii. . op.  cit.,  pp  151-162. 

14.  Buchanan,  T.  M. ,  Brooks,  Q.  F.,  and  Brachman,  P.  S.,  ANN.  INTERN.  MED., 
Vol  74,  1971,  pp  336-343. 

15.  Philip,  R.  N. ,  Huntley,  B. ,  Lackman,  D.  B. ,  et  al.,  J.  INFECT.  DIS., 

Vol  110,  1962,  pp  220-230. 

COPYRIGHT:  "Zhurnal  mikrobiologii,  epidemiologii  i  itnmunobiologii",  1983 

9967 

CSO:  8144/0967 


93 


UDC  616.931-084.4(470) 

RESULTS  OF  EPIDEMIOLOGICAL  SURVEY  OF  DIPHTHERIAL  INFECTION  IN  21  REGIONS 
OF  RUSSIAN  SOVIET  FEDERATED  SOCIALIST  REPUBLIC 

Moscow  ZHURNAL  MIKROBIOLOGII ,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11 
1983  (manuscript  received  29  Dec  82)  pp  95-98 

[Article  by  N.  L.  Sukhorukova,  S.  D.  Gimpelevich,  L.  A.  Favorova,  S.  S. 

Markina,  V.  V.  Cherkasova,  N.  M.  Maksimova,  M.  P.  Korzhenkova,  and  M.  S. 
Petrova;  Moscow  Epidemiology  and  Microbiology  Scientific  Research  Institute 
imeni  G.  N.  Gabrichevskiy  under  the  RSFSR  Ministry  of  Health] 

[Text]  Over  the  past  20  years  large  numbers  of  children  have  been  given  anti- 
dipther ia  inoculations  and  indicators  of  the  incidence  of  this  infection  in  the 
RSFSR  reached  their  lowest  level  in  1975 — 0.03  cases  per  100,000  people. 
However,  starting  in  1976  there  has  been  an  increase  in  the  number  of 
diphtheria  cases  in  the  republic;  in  1981  indicators  of  the  incidence  of  the 
disease  in  various  regions  ranged  from  0.01  to  1.8  per  100,000  people,  with  an 
average  indicator  for  the  entire  republic  of  0.34.  A  rise  in  the  incidence  of 
the  disease  has  been  observed  in  all  age  groups,  but  the  most  intensive 
increase  has  been  among  adults.  The  mortality  rate  remains  high. 

In  a  previous  paper  [1]  we  discussed  the  need  for  an  epidemiological  survey  of 
diphtheria.  An  epidemiological  survey  involves  studying  the  incidence  of 
diphtheria  in  a  given  region  in  terms  of  its  dynamics,  as  well  as  monitoring 
the  circulation  of  the  agent  of  diphtheria  among  the  population  with  the  aim  of 
determining  the  reasons  for  the  spread  of  the  disease  and  of  making  a 
prognosis.  A  survey  also  includes  an  examination  of  the  immunological  status 
of  children,  a  study  of  the  biological  properties  of  the  circulating  strains, 
and  finally,  early  detection  of  the  disease. 

Research  methods  and  scope  of  research.  An  epidemiological  survey  of 
diptherial  infection  was  carried  out  according  to  unified  methodological 
recommendations  between  1980  and  1981  in  21  regions  of  the  RSFSR;  immediately 
Pri®r  the  survey,  a  number  of  conferences  and  seminars  were  held  in  these 
regions  for  epidemiologists,  pediatricians,  infection  specialists,  and 
bacteriologists. 

In  order  to  study  the  immunological  status  of  children  in  9  regions  we  selected 
groups  of  children  between  the  ages  of  4  and  14  years,  with  200  children  in 
each  group;  they  were  given  the  Schick  test  in  accordance  with  the  set 
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instructions  (a  total  of  39,186  tests  were  given).  At  the  same  time  we  checked 
to  see  that  the  inoculations  were  organized  and  performed  properly. 

The  isolation  of  the  diphtheria  agent  was  done  according  to  various 
indications;  we  examined  groups  of  individuals  who  are  at  high  risk  of 
infection  (residents  of  boarding  schools,  children's  homes,  dormitories  at 
vocational-technical  schools,  etc.)  The  isolated  strains  were  sent  to  the 
Diphtheria  Laboratory  at  the  Moscow  Epidemiology  and  Microbiology  Scientific 
Research  Institute  imeni  G.  N.  Gabrichevskiy  for  a  complete  workup,  including 
indentif ication  of  the  variants'  serotype,  phagotype,  and  corycinotype.  We 
made  bacteriological  studies  of  741,278  people.  A  total  of  1455  strains  of 
corynebacteria  taken  from  1335  people  from  927  nidi  underwent  identification. 

With  the  aim  of  early  detection  of  diphtheria,  we  did  bacteriological  studies 
of  everyone  suffering  from  angina;  preparations  were  applied  to  their  tonsils 
and  the  individuals  were  placed  under  active  observation  for  the  first  3  days 
following  the  treatment.  These  individuals  were  included  in  the  group  of 
people  surveyed  for  diagnostic  purposes. 

Results  and  discussion.  An  analysis  of  our  work  showed  that  during  the  period 
of  the  study  there  was  a  change  in  the  incidence  of  diphtheria  in  various 
administrative  regions  of  the  RSFSR.  The  number  of  cases  in  6  administrative 
regions  increased  by  a  factor  of  2-2.5;  these  regions  were  Saratov  Oblast, 
Kuybyshev  Oblast,  Novosibirsk  Oblast,  Moscow  Oblast,  Maritime  Kray,  and  the 
city  of  Moscow.  In  the  other  regions  the  incidence  of  the  disease  remained  at 
its  previous  level,  or  there  was  an  insignificant  increase  or  decrease. 

Compared  to  the  period  between  1970  and  1975,  there  was  a  drop  in  the 
proportion  of  children  suffering  from  diphtheria  and  a  rise  in  the  proportion 
of  adults  with  the  disease.  Children  up  to  the  age  of  14  accounted  for  24 
percent  of  those  with  diphtheria  in  1980;  in  1981  they  accounted  for  18.3 
percent.  People  20  years  and  older  accounted  for  72.7  and  70.5  percent, 
respectively. 

The  determination  of  the  children's  immunological  status  showed  that  in  the 
overwhelming  majority  of  regions  the  number  of  positive  reactions  in  the  Schick 
test  in  various  age  groups  ranged  from  0.36  to  3.1  percent.  Higher  indicators 
were  seen  only  in  two  oblasts:  Kuybyshev  Oblast  with  8  percent  among  children 
14  years  of  age;  and  Omsk  Oblast  with  6  percent  among  children  5  years  of  age. 
In  an  expanded  study  of  children  in  these  oblasts  the  percentage  of  positive 
reactions  to  the  Schick  test  was  lower  than  5  percent.  The  number  of 
questionable  reactions  to  the  Schick  test  in  the  oblasts  ranged  from  5.5  to  5.7 
percent. 

Consequently,  the  results  of  the  Schick  test  in  the  oblasts  studied  indicate 
that  children  up  to  14  years  of  age  were  in  good  condition  in  terms  of  their 
inoculation. 

In  a  bacteriological  study  of  the  population  by  various  groups,  the  isolation 
of  diphtheria  corynebacteria  ranged  from  0.71  to  1.6  percent  (see  table). 
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Carriers  of  diptheria  corynebacteria  in  16  administrative  regions  of  the  RSFSR* 
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*Five  administrative  regions  did  not  submit  data 


Key: 

1.  Type  of  data 

2.  Number  of  individuals  studied 

3.  Corynebacteria  carriers  isolated 

4.  Total 

5.  Toxigenic  carriers 

6.  Percentage  of  corynebacteria 
carriers  by  region 

7.  For  the  purpose  of  diagnosis 

8.  The  city  of  Kuybyshev 

9.  Novosibirsk 


10.  Moscow 

11.  Saratov  Oblast 

12.  Epidemic  indicators 

13.  Astrakhan  Oblast 

14.  Krasnodar  Kray 

15.  For  the  purpose  of  prevention 

16.  Penza  Oblast 

17.  Maritime  Kray 

18.  Omsk  Oblast 


As  one  would  expect,  the  highest  level  of  toxigenic  corynebacteria  carriers  was 
found  in  studying  epidemic  indicators— 27. 9  percent.  Among  the  large  number  of 
individuals  examined  for  preventive  purposes,  only  2.2  percent  of  the 
corynebacteria  carriers  of  diphtheria  were  toxigenic.  The  highest  incidence  of 

the  disease  was  reported  in  Saratov  Oblast,  Novosibirsk  Oblast,  and  Maritime 
Kray. 

Among  the  strains  that  were  obtained  for  identification,  30.2  percent  were 
toxigenic  corynebacteria  strains.  The  virulent  properties  of  the  diphtheria 
agents,  evaluated  in  terms  of  Dnm,  ranged  from  12.5  million  to  100  million 
microbial  cells.  An  average  of  91.2  toxigenic  strains  had  a  Dim  between  25  and 
50  microbial  cells.  Consequently,  the  pathogenic  properties  of  the  toxigenic 
corynebacteria  remain  at  a  high  level  and  did  not  change  from  previous  years. 

A  total  of  78.8  percent  of  the  strains  were  of  the  gravis  biotype,  and  22.2 
percent  were  of  the  mitis  biotype.  There  was  a  sharp  rise  in  the  proportion  of 
toxigenic  strains  of  the  mitis  biotype  in  Moscow  and  in  Maritime  Kray  (from  18 
to  35.3  percent  of  the  nidi). 
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In  serological  typing  of  the  toxigenic  strains  included  in  the  gravis  biotype, 
94.4  percent  were  divided  into  2  groups;  26  percent  of  them  were  classified  as 
belonging  to  serotype  2  and  68.4  percent  to  serogroup  27274.  Of  the 
nontoxigenic  strains  of  the  gravis  biotype,  69.7  percent  were  also  divided  into 
2  serogroups:  27274  and  23607. 

Phagotyping  of  the  toxigenic  strains  included  in  the  gravis  biotype  resulted  in 
subdividing  these  strains  into  8  phagotypes.  The  most  widespread  phagotypes 
were  OPQRSTg  (between  30.4  and  59  percent  of  the  nidi),  ABg  (between  17  and 
53.3  percent)  and  ABfGH  (between  7  and  23  percent).  Nontoxigenic 
corynebacteria  were  subdivided  into  2  phagotypes — ABCDfg  and  K;  the  first  group 
included  between  72.3  and  96.4  percent  of  these  bacteria.  No  new  phagotypes 
were  found.  The  results  of  the  phagotyping  made  it  possible  to  make  a  more 
accurate  determination  of  the  sources  of  the  infection  and  the  pathways  by 
which  it  spreads.  We  confirmed  a  correlation  between  the  serological 
properties  and  phagolytic  properties  of  diphtheria  corynebacteria. 

In  86.9  percent  of  the  cases,  there  was  agreement  between  the  results  of 
determining  toxicity  and  the  results  of  practical  laboratory  research;  this 
correspondence  was  higher  than  it  had  been  in  previous  years. 

In  the  process  of  identification,  in  13  percent  of  the  cases  a  hyperdiagnosis 
was  made  in  determining  the  toxicity  of  the  strains;  and  in  0.1  percent  of  the 
cases,  a  hypodiagnosis  was  made.  This  demonstrates  the  possibility  of 
overestimating  the  number  of  people  with  diphtheria  and  the  carriers  of 
toxigenic  corynebacteria  in  the  oblasts,  and  also  the  practical  benefits  of 
making  a  comparative  identification  of  strains  from  various  laboratories  in  the 
RSFSR. 

In  connection  with  organizing  early  detection  of  diphtheria  in  the  population, 
there  has  been  an  increase  in  the  proportion  of  people  suffering  from  a 
localized  form  of  diphtheria  of  the  pharynx;  it  accounts  for  80-85  percent  of 
the  cases.  The  incidence  of  the  disease  among  inoculated  children  is 
characterized  by  a  predominance  of  localized  pharyngeal  diphtheria  (86  percent) 
and  a  tendency  toward  spontaneous  recovery.  Among  nonimmune  children,  serious 
forms  of  the  disease  account  for  56  percent  of  the  cases  and  serious  combined 
forms  account  for  34  percent  of  the  cases.  We  found  that  hospitalization 
occurred  at  late  stages:  with  60  percent  of  those  suffering  from  diphtheria 
seeking  treatment  during  the  first  2  days  of  the  illness,  only  23  percent  of 
the  children  and  5-15  percent  of  the  adults  were  hospitalized  during  this 
period.  In  1980  a  diagnosis  of  diphtheria  based  on  data  from  a  bacteriological 
examination  of  people  suffering  from  angina  was  made  in  66  percent  of  the 
cases;  in  1981,  in  64.5  percent  of  the  cases. 

In  our  study,  in  order  to  confirm  a  diagnosis  of  diphtheria  in  angina  patients, 
along  with  a  bacteriological  culture  of  toxigenic  corynebacteria  we  used 
Jensen's  quantitative  method,  the  results  of  which  made  it  possible  to  narrow 
down  the  diagnosis:  diphtheria  or  angina  +  carriers  of  toxigenic  diphtherial 
corynebacteria. 

Titration  of  the  diptherial  anatoxin  using  Jensen's  method  was  performed  in 
1981  on  160  individuals  with  diphtheria  and  35  angina  patients.  A  comparison 
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of  the  clinical  and  serological  data,  taking  into  account  the  time  over  which 
the  research  was  done,  made  it  possible  to  diagnose  angina  with  concurrent 
toxigenic  corynebacteria  carriers  in  only  5  patients  with  a  preliminary 
diagnosis  of  "diphtheria?".  This  group  included  3  children  and  2  adults 
between  19  and  21  years  of  age.  All  the  patients  were  inoculated  against 
diphtheria. 

It  should  be  pointed  out  that  the  most  difficult  part  of  the  epidemiological 
survey  of  diphtherial  infection  was  early  detection  of  individuals  suffering 
from  diphtheria.  Active  monitoring  of  angina  patients  over  the  first  3  days 
was  not  done  in  all  the  oblasts;  it  was  limited  to  observing  angina  patients 
primarily  in  the  city  networks  of  children's  polyclinics.  Only  in  Maritime 
Kray  was  there  active  monitoring  of  children  and  adults  in  cities  and  rayons. 

Thus,  the  epidemiological  survey  of  diphtheria  infection  carried  out  for  the 
first  time  in  21  administrative  regions  of  the  RSFSR  helped  increase  the 
attention  given  by  physicians  to  this  infection,  and  it  helped  improve  the 
quality  of  diagnoses  and  anti-epidemic  measures.  As  a  result  of  increasing  the 
number  of  bacteriological  examinations  of  angina  patients,  there  was  a  more 
thorough  diagnosis  of  those  suffering  from  mild  forms  of  diphtheria.  This 
°^ers # evidence  in  support  of  expanding  epidemiological  surveys  of  diphtheria 
infection  throughout  the  entire  territory  of  the  republic,  which  is  called  for 
m  Order  No  575  issued  on  10  September  1982  by  the  RSFSR  Ministry  of  Health. 

Conclusions 

1*  We  f°un<*  a  high  level  of  anti-diphtheria  immunity  among  children  up  to  14 
years  of  age:  in  various  oblasts  96.9-99.4  percent  of  the  children  had  a 
negative  reaction  in  the  Schick  test. 

2.  The  biological  properties  of  diphtheria  agents  did  not  change  during  the 
observation  period.  Toxigenic  diphtherial  corynebacteria  are  characterized  by 
a  high  level  of  pathogenicity. 

3.  The  epidemiological  survey  helped  in  making  a  more  thorough  determination 
of  diphtheria  and  of  toxigenic  diphtherial  corynebacteria;  and  it  helped  to 
improve  the  quality  of  clinical  and  bacterialogical  diagnoses. 

4.  Making  a  correct  diagnosis  of  angina  with  concurrent  toxigenic  diptherial 
bacteria  carriers  is  possible  only  by  doing  a  serological  examination  of  the 
patient  using  Jensen's  method. 
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[Article  by  I.  I.  Derteva,  S.  N.  Tyumentsev,  A.  A.  Popov,  A.  Kh.  Kochetov,  and 
0.  S.  Zabolotnaya;  (Saratov,  Irkutsk)  in  section  "Problems  in  the  Prevention  of 
Zoonotic  Infections  in  Regions  of  the  North  and  Far  East"] 

[Text]  The  methods  for  differentiating  rough  (R)  and  transitional  (S-R)  forms 
of  cholera  and  noncholera  vibrions  of  Heyberg's  group  I  are  not  precise  enough. 
Diagnostic  0-cholera  sera,  including  adsorbed  sera,  often  cause  nonspecific 
agglutination  of  noncholera  vibrions,  which  makes  their  identification  even 
more  difficult. 

The  goal  of  the  present  study  was  to  determine  specific  indications  that  could 
be  used  to  differentiate  the  rough  and  transitional  forms  of  cholera  and 
noncholera  vibrions  of  Heyberg's  group  I  that  agglutinate  in  the  presence  of 
cholera  0-serum. 

For  the  experiment  we  took  4  strains  (13-DV,  65-DV,  6-62-1DV,  and  65)  of 
noncholera  vibrions  in  Heyberg's  group  I,  used  as  adsorbents  in  the  production 
of  commercial  diagnostic  cholera  sera.  The  noncholera  vibrion  strains  were 
isolated  from  objects  in  the  environment  in  the  Far  East;  they  were  in  the  S-R 
phase  of  dissociation  and  agglutinated  in  the  presence  of  0-cholera,  plague, 
and  normal  equine  sera. 

Heating  the  vibrions  at  100°C  for  2.5  hours  caused  a  sharp  drop  in  their 
agglut inability  or  a  complete  loss  of  agglut inability. 

The  cholera  vibrion  strains  used  in  the  experiment  were  in  the  smooth  (Vibrio 
cholerae  569B) ,  transitional  (V.  eltor  7840),  and  rough  (V.  cholerae  C-71) 
phases  of  dissociation.  All  the  strains  agglutinated  in  the  presence  of 
cholera  sera  up  to  a  maximum  titer  of  antibodies,  but  after  boiling  their 
agglut inability  dropped  to  one-half  to  one-fourth  the  original  level.  Plague 
serum  agglutinated  the  strains  in  titers  of  1:100-1:200  (strain  C-71  only  after 
being  heated  at  100°C). 

The  cholera  and  noncholera  vibrion  strains  were  tested  for  their  sensitivity  to 
diagnostic  cholera  monophages  in  an  agglutination  reaction  with  antisera 
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hvtnird  hl  rfbbits  with  0;antigen  according  to  the  method  described 

by  Baker  et  al.  (1946),  in  tests  of  diffusion  precipitation  in  gel 
Immunoelectrophoresis,  and  immunoluminescence. 

The  most  clearly  defined  differences  between  cholera  and  noncholera  vibrions 
were  seen  in  the  diffusion  precipitation  reaction  in  gel.  Cholera  vibrions  in 

n°rmS  ,°^dlssociation  fo™ed  2  zones  of  precipitation  with  homologous 
cholera  0-  and  PO-sera:  there  was  a  sharp  line  along  the  alveolus  with 
antigens,  and  a  less  distinct  line  turned  toward  the  alveolus  with  the  serum. 
Ihe  first  precipitation  line  is  apparently  formed  by  the  1-0  somatic  antigen: 
the  seond  is  formed  by  nonspecific  precipitinogens.  Noncholera  vibrions  form 
only  one,  nonspecific  zone  of  precipitation.  The  antiserum  to  the  6-62-1-DB 
noncholera  vibrion  strain  formed  a  line  of  precipitation  not  only  with  a 
omo  ogous  culture,  but  also  with  the  noncholera  vibrion  strain  65. 

Differences  between  the  cholera  and  noncholera  vibrions  have  also  been  observed 
in  immunoeiectrophoretic  analysis.  As  a  result  of  the  interaction  among  the  S- 
and  R-forms  of  the  cholera  vibrions  and  the  the  0-cholera  and  PO-sera 

wWhCtlVelyK  10  ^  cathode  section  of  an  agar  layer  single  bands  were  formed 
which  were  absent  in  tests  on  noncholera  vibrions. 

In  the  immunoluminescence  analysis,  specific  luminescence  of  microbial  cells 
and  ^cilli  was  seen  in  smears  taken  from  cultures  of  cholera  vibrions  in  the 
b  and  S  R  phases  of  dissociation.  In  smears  taken  from  cultures  of  the 
cholera  vibrion  m  the  R-form,  single  microbial  cells  were  luminescent.  None 

luminescence  fr°m  *“*  °f  th*  Strains  of  noncholera  vibrions  tested  showed  any 

An  anaiysis  of  the  results  of  cross  agglutination  reactions  by  antisera, 
obtained  by  immunizing  rabbits  with  O-antigens  of  cholera  dissociants  and 

betwee^^m1^10"8’  aU°Wed  US  to  conclude  that  there  is  no  antigenic  relation 


Choiera  vibrions  m  the  smooth  and  transitional  phases  of  dissociation  were 
lysed  by  homologous  cholera  monophages  up  to  DRT  [expansion  unknown];  and  the 
R-variant  of  the  cholera  vibrion  (C-71)  in  dilutions  lower  than  DRT. 
Noncholera  vibrions  showed  resistance  to  cholera  monophages. 


Thus,  for  identifying  cholera  vibrions  in  the  transitional  (S-R)  and 
phases  of  dissociation,  we  can  recommend  additional  tests,  primarily 
reaction  of  diffusion  precipitation  in  gel  and  immunoluminescence. 


rough  (R) 
the 
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INDICATORS  OF  NONSPECIFIC  REACTION  IN  EXPERIMENTAL  ANIMALS  TO 
INTRODUCTION  OF  VARIOUS  DOSES  OF  CHOLERA  VACCINES 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  pp  99-100 

[Article  by  M.  S.  Naumshina,  T.  V.  Bugorkova,  and  A.  K.  Adamov  (Saratov)] 

[Text]  Over  recent  years  a  fairly  large  body  of  experimental  material  has  been 
accumulated  on  the  integration  in  immunogenes is  of  antibodies  and  various 
metabolic  cycles. 

Changes  in  nonspecific,  biologically  active  substances  in  the  serum  and  cells 
of  the  macrophage-mononuclear  system  of  the  macroorganism,  as  a  rule,  precede 
the  appearance  of  specific  immunoglobulins;  the  strength  of  the  reaction 
corresponds  to  the  reaction-producing  capacity  of  the  vaccine  preparations. 
According  to  data  found  in  the  literature,  it  is  well  known  that  the 
corpuscular  vaccines  with  a  greater  reaction-producing  capacity  compared  to  the 
cholerogen  anatoxin,  cause  a  more  pronounced  accumulation  of  corticosteroid 
hormones  in  the  blood  (Gor'kova  et  al. ,  1972;  Tropina  et  al. ,  1978;  etc.),  they 
cause  a  change  in  energy  metabolism  (Lyusid  et  al.,  1972;  Ledvanov  et  al. , 

1977;  etc.)  and  in  several  lysosomal  enzymes  (Krupenina,  1969;  Loktev  et  al., 
1974;  Slepukhin  et  al. ,  1976). 

The  aim  of  our  study  was  to  find  the  earliest  and  most  informative  test  for 
evaluating  the  reaction-producing  capacity  of  cholera  vaccines. 

We  used  2  vaccines  in  our  experiments:  the  cholera  corpuscular  vaccine  and  a 
chemical  vaccine  (cholerogen  anatoxin);  and  we  used  2  types  of  animals: 
chinchilla  rabbits  and  mixed-breed  guinea  pigs.  The  vaccine  was  introduced 
subcutaneously  one  time  in  quantities  equal  to  1,  10,  100,  and  1000  man-doses 
per  1  kg  of  each  animal's  body  weight.  On  the  first  and  third  day  following 
the  vaccination  we  checked  the  serum  and  tissues  for  activity  of  the  complement 
system,  lysozyme,  lipase,  fructose— 1 ,6— diphosphate  aldolase,  acid  and  alkaline 
phosphatase,  catalase,  and  other  enzymes. 

The  experimental  data  showed  that  several  biologically  active  systems  and  the 
activity  of  various  enzymes  depended  to  a  certain  extent  on  the  type  of 
experimental  animal,  the  dose  and  antigenic  composition  of  the  vaccine,  and  on 
the  amount  of  time  that  had  elapsed  since  the  preparation  had  been  introduced. 
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In  guinea  pigs,  the  most  informative  source  of  data  wa?  h,0  .  , 

SS:  »  r  ~ -aSC .... 

S-r=  — 

i6“r^£Lr:r^;d  in 
The 

lnP22?3aperce«  of  tile  activity 

3T£  2sa;3Ssr j ^rf  *5 

increase  and  even  a  1000-fold  in ^  !  h  original  values.  With  a  100-fold 

*  enxy^  IZl^VllZls. 

'Zizitz  uofz:np^t!ciiii?;.uitclsrn1an‘torn>  *"•  -as  a 
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activity  in  60  percent  of  the  animals  e  ani”*a  s>  anci  a  suppression  of  lysozyme 

&  r  Js. 

"”«*  it  vat  lleVin  ? 

a”iiirirai  Sen:iLiM„thiio°  "an'doses  caused  an  *-««•  -  up... 

2^.4*  s.s  r‘™  sfiJTuTStSJ;  s  sr- 

obtained  unatablelealtl  ”lth  10°°  "an-doses  °f  aholerogen  anatoxin  „e 

lylaeileldlnlMilinl  ZlZ^TVs  lllTZ ’  °U°U°*’ 

content  in  rabbits  before  imnunia.tionlnd  1  3  and  10  da1”fo?? 

introduction  of  1,  4,  16,  50  and  ion  m*r>  a*’  9  *  d  10  d  y  following  a  single 

“id£:  - obtaiaad'—  .JnJns.^e.°sir^“  T*es:- 

^  :^:is8boi;c„i°;r‘bi“r:i„iich  is 

significant  increase  in  thP  arM,,^,,  „c  t-  y  ,weignc»  Brings  about  a 

ease  m  the  activity  of  lipase  and  complement;  when  the  dose  is 
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increased  10-fold  or  more,  there  is  a  suppression  of  enzymatic  activity. 
Chemical  cholera  vaccine  (cholerogen  anatoxin),  when  introduced  in  a  quantity 
equal  to  1  man-dose,  causes  suppression  of  enzymatic  activity;  when  introduce 
in  a  quantity  equal  to  100  man-doses,  it  causes  stimulation  of  lipase, 
complement,  and  lysozyme  activity. 
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STABILITY  OF  HEMOLYTIC  TEST  IN  STRAINS  OF  VIBRIO 
OF  VARYING  VIRULENCE 


CHOLERAE  ELTOR 


?98S3TpZ?oTm“IKROBIOLOGn-  I  IMMUNOBIOLOGII  in  Hessian  No  u> 

[Article  by  0.  V.  Osaulenko,  A.  S.  Maramovich,  end  A.  A.  Veyde  (Irkutsk)] 
includes  a  study  of  hTOtytira^iWty?1*^'!!'!^^''?  °ftV'  eltor 

-1-*  ‘ons^t  (sijitiL  that 

hemolytic^ata*  cannot  ^be  T  Tt  <1979)  confined  thlt’ 

because  of  the  lack  of  unifomitv  i  T™*  ^  virulence  of  cholera  vibrions 
various  strains.  unif°™ity  «  terms  of  hemolytic  activity  among  the 

with^espec^Lw^^  aftivity^d^h  ^  V*  ?***”  elt0r  °f  "«*««  origin 
the  composition  of  the  population!  6  COrrelatlon  between  the  results  and 

sLatsT^\^  16  virulent,  and  31  avirulent 

the  Irkutsk  Antiplague  Institute!  mUSeUm  C°lleCtion  of  ^  cultures  from 

Ind  serologica ^hproper^ies ;  ‘they^ere  sensitive' ^oV^lT*1’ ’  morPholo8i«l» 
nonhemolytic ?geS *  ^  Chol-ogenic  in  baby  rabbits6  an"  theTwe^  ^ 


in^iagnos  tic 'titers8^  ^  ««»•**“« 

they  were  lysed  by  the  eltor  phase  and  in  j • the  coyresP°ndmg  typical  serum; 
[expansion  unknoj] ,  D  n  1  L  b?  the  CDI\ 

formed  colonies  with  a  wftitiah  ? f  l  °  SheetS  °f  alkal^e  agar  the£ 

semi-transparent  and  opaque  clones^  ing^  when  they  were  recultured  they  formed 

differ  in  terms  of  their  basic  biolojr^  65  theSe  P010"^*  did  not 

strains  caused  death  in  isoUteS °I?ma?e  P^rtres.  The  mildly  virulent 
the  large  intestine  of  the  hah  ll-  ’  sometlme  with  signs  of  diarrhea;  in 

opaque,  stained  fluid.  The  a^Lulent  sjains"^^  t"  *ccumuUcio"  »f  - 
the  baby  rabbits  or  any  „th.uS“  a^.J1h2Jr“*  “°"8 
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The  composition  of  the  population  in  terms  of  hemolytic  activity  was  studied 
a  solid  medium  according  to  a  method  that  we  modified;  it  was  studied  in  a 
fluid  medium  according  to  Greig's  method.  We  performed  Greig  8  ?c8*  “  *  1 meat 
and  peptone  broth.  In  the  positive  cases  we  observed  complete  dissolution 
erythrocytes  and  partial  hemolysis,  when  part  of  them  remained  unlysed  and 
settled  on  the  bottom  of  the  test  tube  like  a  -cloud."  In  a  negative  reaction 
all  the  erythrocytes  fell  to  the  bottom  of  the  test  tube.  Using  Greig  s  method 

we  studied  no  more  than  100  colonies  of  each  strain  at  one  time.  When  we 

studied  the  hemolytic  activity  in  a  solid  medium,  the  hemolytic  clones 
developed  on  the  surface  of  the  agar  and  in  the  middle  of  its  colony  with  a 
pink  translucent  zone.  If  the  population  of  hemolysis-positive  strains  was  not 
homogeneous  in  terms  of  the  aspect  under  study,  then  on  the  agar  and  deep  in 
the  middle  of  the  hemolytic  colonies  we  found  colonies  lacking  this  prope  y. 

The  results  of  our  research  showed  that  the  population  of  virulent  strains  of 

V.  cholerae  eltor  is  homogeneous  in  terms  of  hemolytic  activity  in  a  percen 
blood  agar  and  in  a  fluid  medium. 

The  population  of  mildly  virulent  strains  of  V.  cholerae  eltor  turned  out  to  be 
nonhomogeneous  in  terms  of  hemolytic  activity.  Of  the  690  colonies  studied 
using  Greig's  test,  360  exhibited  partial  hemolysis  and  333  complete  hemolysis. 
Efforts  to  isolate  the  nonhemolytic  colonies^using  Greig's  test  were 
unsuccessful.  However,  in  a  study  of  1.2  10  colonies  in  a  3  percen 
agar  we  found  5  nonhemolytic  colonies  from  the  same  strain.  When  we  subjected 
them  to  further  study  using  Greig's  test  to  determine  their  hemolytic  activity, 
their  ability  to  lyse  sheep  erythrocytes  was  restored. 

The  mildly  virulent  strain  V.  cholerae  eltor  1-703  is  of  the  greatest  interest. 
When  we  studied  1.2* 10*  colonies  of  the  original  strain  in  blood  agar,  we 
isolated  10  nonhemolytic  colonies;  in  a  Greig's  test  applied  at  the  moment  o 
isolation,  they  were  hemolysis-negative,  but  after  double  passage  in  nutrient 
media  their  hemolytic  activity  was  restored.  The  results  of  studying  the 
composition  of  the  population  in  terms  of  hemolytic  activity  of  subcultures  of 
the  1-703  strain  of  V.  cholerae  eltor,  which  had  passed  repeatedly  through  the 
intestines  of  baby  rabbits,  showed  that  the  population  does  not  contain 
hemolvsis-negative  cells  that  maintain  this  property  on  a  stable  basis.  As  a 
result  of  research  on  0.6*10*  colonies  of  the  subculture  from  the  14th  passage, 
we  found  42  hemolysis-negative  colonies.  In  a  second  determination  o 
hemolytic  activity  using  Greig's  test  and  in  a  solid  medium,  we  found  only  4 
hemolysis-negative  colonies  that  maintained  this  property  on  a  stable  bas  , 
and  demonstrated  the  capability  of  being  lysed  by  virulence  phages  in  DRT  and 
of  having  a  cholerogenic  effect  in  baby  rabbits. 

When  we  used  Greig's  test  to  study  an  entire  population  of  selected,  newly 
isolated  anti-virulent  strains  of  the  vibrion,  we  found  that  23  strains  were  _ 
hemolysis-positive  and  3  were  hemolysis-negative.  Nonhemolytic  strains  grew  in 
the  form  of  opaque  colonies,  which  after  a  two-fold  recultivation,  split 
into  opaque  and  semi-transparent  colonies.  Both  types  of  colonies  lacke 
hemolytic  activity.  In  a  second  study  of  53  colonies,  17  were  nonhemolytic. 
However,  in  subsequent  recultivation  of  the  hemolysis-negative  cultures  the 
hemolytic  properties  appeared  and  remained  stable  in  Greig  s  test  and  in  a 
blood  agar!  The  population  of  avirulent  strains  was  not  homogeneous  in  terms 
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of  their  ability  to  lyse  sheep  erythrocvtes  fif  s  , 

form  a  hemolysis  zone  in  a  blood  agar  In  a  <st  a  ’  f  u  c°lonies»  59  did  not 

these  colonies  using  Greig's  test  •  fUdy.°f  the  hemolytic  activity  of 

ug  ureig  s  test,  we  obtained  positive  results. 

f romr the  Environment  ^their 'popula t io  *  ^  p0™**  nonhemolytic  vibrions 

transparent  and  opaque  colonies  wh  °h  T  **  '  int°  ^^-negative  semi- 

on  hemolytic  properties.  *  Whetl  passed  through  nutrient  media  take 

Therefore,  the  simultaneous  study  of  no  fewer  than  in3  „  i  £ 

V.  cholerae  eltor  in  a  blood  agar  makes  !L?m  ?  colonies  of  strains  of 
composition  of  the  given  culture  and  isolat^  th  E  d?termlne  the  population 
Fluctuations  in  hemolytic  activitv  in  hemolysis-negative  colonies, 

that  the  population  is  not  LmnLn  Sub'ulutures  the  same  strain  indicate 
virulent  a’nS  avira^  „T  "v •*  -Hdl7 

cholerae°eltor  .“SJ 

•'  X*' TJ - the 
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PHAGOTYPING  OF  ENTEROPATHOGENIC  NONAGGLUTINATING  VIBRIONS  ISOLATED  IN  SIBERIA 
AND  FAR  EAST 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  pp  101-102 

[Article  by  V.  S.  Ganin,  N.  F.  Bystryy,  L.  Ya.  Urbanovich,  A.  F.  Pinigin,  E.  G. 
Nabiyev,  A.  S.  Maramovich,  Yu.  S.  Musatov,  Yu.  M.  Sheremet  (Irkutsk,  Saratov, 
Chita,  Khabarovsk)] 

[Text]  There  is  a  large  group  of  microorganisms  that  exist  in  nature  and  belong 
to  the  vibrion  family,  but  do  not  agglutinate  in  the  presence  of  O-cholera 
serum  (NAG— vibr ions) .  It  has  been  determined  (Dunayev  et  al. ,  1971,  1976; 
Goncharov  et  al.,  1975)  that  certain  serotypes  of  NAG-vibrions  can  cause  acute 
gastro-intestinal  illnesses  in  humans. 

The  differentiation  of  NAG-vibrions  that  are  enteropathogenic  to  humans 
(especially  those  isolated  from  the  environment)  from  nonpathogenic  vibrions 
has  presented  certain  bacteriological  problems.  With  this  differentiation  as  a 
goal,  a  method  of  serological  typing  was  developed  for  enteropathogenic 
NAG— vibrions  based  on  the  nonhomogeneity  of  their  0— antigen  (Sakazaki  et  al., 
1970;  Adamov  et  al. ,  1974;  Yermol'yeva  et  al.,  1974;  Krasnova  et  al. ,  1974; 
Somova  et  al.,  1976;  Ganin  et  al. ,  1978;  Khaytovich  et  al.,  1980).  A 
serological  examination  of  NAG-vibrions  showed  that  it  is  not  always  possible 
to  determine  the  serotype  in  patients  with  or  carriers  of  NAG— infection,  since 
there  are  obviously  enteropathogenic  NAG-vibrions  of  as  yet  unknown  serotypes. 

In  light  of  this,  phagotyping  of  enteropathogenic  NAG-vibrions  can  add 
substantially  to  the  results  of  serological  typing. 

Phagotyping  of  NAG-vibrions  was  done  using  experimental  phages  TEPV-1,  2,  3,  4, 
5,  prepared  at  the  "Microbe"  All-Union  Antiplague  Institute  in  Saratov  by  means 
of  the  agar  layer  method.  Ten-fold  dilutions  of  phages  (from  an  undiluted 
titer  to  a  diagnostic  working  titer)  were  prepared  in  Marten's  broth  (pH 
7. 2-7. 6)  and  placed  in  a  culture  ground  using  an  automatic  applicator,  after 
which  the  dishes  were  incubated  at  37°C  for  16-18  hours. 

The  lytic  action  of  the  phages  was  evaluated  according  to  a  4  point  system. 

The  presence  of  a  lytic  stain  at  the  point  of  application  of  a  phage  from  any 
dilution  with  a  degree  of  lysis  not  less  than  2  pluses  was  considered  a 
positive  result. 
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Strains  of  NAG-vibrions  were  isolated  at  different  times  in  jf11T.oa_  v 
Novosibirsk,  Omsk,  Irkutsk  sod  Chita  oblasts,  U  Allly  ^Krasnoyarsk  a^'0''0’ 
Maritime  krays,  and  in  the  Yakutsk  ASSR.  7  7  8k*  d 

We  established  a  phagotype  for  651  (or  31.4  percent)  of  the  2075  strains  of 

foundlbh10t^  1Solated  from  humans  and  from  objects  in  the  environment.  Wef 

those  is“?ater?rMrobt  t"  f0','1’086  ?trai"s  Ablated  from  humans  than  for 
isolated  from  objects  m  the  environment  (43.5  and  29.6  percent 

be6lo^  d": °f  ^  262  Str3inS  is°lated  from  P^ients  !;d  carried  108 

ss*  r„^sp  i^fi^rr^d  iv)  uk  dLIV  it: :ly  6  strans  b^°  - 

dominant6  ?  —*  ^  i-l-d  tmZ. ' tl 

s“::dnatnd8r^Lr::ftcc^or'vlbrions- a-d  phagotypes  iv  apd  111 «« «» 

We  established  a  phagotype  for  537  (29.6  percent)  of  the  1813  strains  of 

beJon  H1r%1a°ifed  fr°m  objects  in  the  environment.  These  NAG-vibriLs 
belonged  to  5  different  phagotypes  (I  II  itt  tv  »7\  , 

TO’;  ^ea^iLnfvio^aZVthe\^a£^L\l0n“dm^iS  and 

An  analysis  of  the  results  of  phagotyping  showed  that  in  Siberia  and  the  Far 

ini:,!  5  h°8*niC  NAG-vibrions  are  isolated  from  patients  Ii!h  dU«hMl 
illnesses  and  carriers  of  such  illnesses,  and  these  NAG-vibrionUre  als" 
widespread  in  objects  in  the  environment. 

ilinic!iaii!!a0ifNAG7ibr-0nS  identical  P^gotypes  from  patients  with 

EErriri-iSsi 

The  method  of  phagotyping  NAG-vibrions  using  TEPV  phages  makes  it  nn«ih»  «-„ 
£“!?“•  the  a”*  geographical  Ii.lt.  of  their  d£  r  button  to 

iUnn«L  phagotypes  of  NAG-vibrions  that  cause  acute  g.stro-intesHnal 

of ^inf pr t i among  bu®ana’  to  Teveal  epidemiological  connections  with  the  source 
of  infection,  and  to  determine  the  paths  by  which  it  spreads. 
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ULTRASTRUCTURE  OF  R-  AND  S-VARIANTS  OF  BRUCELLA  OVIS 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  p  102 

[Article  by  T.  A.  Tarasova,  L.  P.  Repina,  A.  I.  Shcherbakov,  Ye.  P. 

Golubinskiy,  and  A.  F.  Pinigin  (Irkutsk)] 

? 

[Text]  The  use  of  electron  microscopy  technology  has  made  it  possible  to  begin 
a  more  in-depth  study  of  the  morphology  of  bacteria.  The  literature  contains 
information  on  the  ultrastructure  of  R-  and  S-variants  of  B.  melitenis,  B. 
abortus,  and  B.  suis.  We  have  not  encountered  any  data  on  the  submicroscopic 
structure  of  B.  ovis  in  the  available  literature.  We  have  studied  the 
ultrastructure  of  B.  ovis  and  its  subcultures  in  the  smooth  form.  We  used  the 
1-65  strain  of  B.  ovis  for  our  research,  which  was  isolated  at  a  nidus  of 
infectious  epidydimitis  among  sheep  in  the  Tuva  ASSR.  At  the  same  time  we 
studied  S-  and  R-variants  of  reference  strains  of  B.  melitensis  16  M,  B. 
abortus  544,  and  B.  suis  1330. 

The  smooth  variant  of  B.  ovis  was  obtained  by  growing  the  original  strain  in 
nutrient  media  with  aniline  stains.  The  rough  variants  of  the  reference 
strains  of  brucella  were  isolated  by  selecting  colonies  that  had  been  stained 
according  to  the  White— Wilson  method. 

The  original  brucella  cultures  and  their  subcultures  were  studied  by  means  of 
tests  designed  to  differentiate  the  different  types  of  brucellae.  Strains  in 
the  rough  form  agglutinate  well  in  a  trypaflavine  solution  and  they  have  a 
positive  reaction  to  thermoprecipitation.  All  the  colonies  that  we  grew  were 
stained  a  dark  blue  color  in  a  vital  stain  using  crystal  violet.  In  terms  of 
its  biological  properties  the  strain  being  studied  is  identical  to  reference 
strains  of  B.  ovis  from  Australia,  New  Zealand,  and  Argentina.  Unlike  other 
brucellae  in  the  rough  form,  the  B.  ovis  1-65  grows  only  in  nutrient  media  to 
which  native  bovine  or  equine  serum  has  been  added  and  that  have  an  increased 
carbon  dioxide  content. 

The  original  strains  of  B.  melitensis,  B.  abortus,  and  B.  suis  had 
characteristics  typical  of  those  brucellae  and  in  terms  of  its  biological 
properties,  the  S— subculture  of  B.  ovis  resembled  B.  melitensis.  For  the 
electron  microscopy  study  we  used  a  2— day  culture  of  brucellae  that  had  been 
grown  in  Marten's  agar  with  a  pH  of  6.8.  We  used  the  method  described  by  Ryter 
et  al.  (1958)  to  fix  and  treat  the  material.  The  sediment  of  brucellae  that  we 
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obtained  was  dehydrated  in  alcohol  and  then  covered  with  a  mixture  of  epoxy 
resins  (epone  812  and  araldite  M).  Ultrathin  sections,  prepared  on  an  LKB 
ultratome,  were  contrasted  with  uranylacetate  and  lead  citrate  and  examined 
with  an  IEM-100S  electron  microscope. 

We  did  not  find  any  differences  in  the  submicroscopic  structure  of  the  original 
(rough)  B.  ovis  cells  on  the  one  hand  and  of  the  smooth  B.  melitensis,  B. 
abortus,  and  B.  suis  cells  on  the  other  hand.  The  B.  ovis  cells,  like  other 
types  of  brucellae,  have  a  cell  wall  with  a  convoluted  outer  membrane  that  is 
8-10  nm  thick  and  consists  of  3  layers  that  are  each  2.5-3. 5  nm  thick.  The 
cytoplasmic  membrane  is  7-8  nm  thick  and  also  has  3  layers,  each  of  which  is 
approximately  2.5  nm  thick.  Between  the,  outer  membrane  of  the  cell  wall  and 
the  cytoplasmic  membrane  there  is  an  osmiophobic  layer  whose  thickness  ranges 
between  3  and  15  nm.  The  mesosomes  often  have  the  form  of  elongated  round 
loops  that  are  formed  by  the  cytoplasmic  membrane.  The  cytoplasm  is  granular 
due  to  the  ribosomes  that  are  distributed  uniformly  throughout,  but  are 
sometimes  grouped  closer  to  the  center  of  the  cytoplasm.  The  nucleoid  is 
irregular  in  form  and  in  the  majority  of  cells  it  is  located  in  the  central 
part  of  the  cell;  in  some  cases  it  appears  as  a  diffuse  formation. 

The  population  of  B.  ovis  cells  in  smooth  form  was  heterogeneous  in  terms  of 
its  composition.  The  majority  of  cells  (75  percent)  were  similar  to  the  cells 
in  the  original  rough  culture.  The  rest  of  the  cells  (25  percent)  differed 
from  the  genetically  similar  rough  variants  and  the  smooth  forms  of  other  types 
of  brucellae  in  that  they  had  mesosomes  that  were  more  varied  in  form  and  a 
capsule-like  substance"  surrounding  the  outer  membrane  of  the  cell  wall.  This 
substance  takes  the  form  of  a  uniform  layer  up  to  15-20  nm  thick  or  of 
protuberances  up  to  45-50  nm  high.  A  similar  cellular  structure  is  also  seen 
m  the  rough  variants  of  sheep,  cow,  and  pig  types  of  brucellae. 

An  electron  microscopic  study  of  brucella  cells  showed  that  the  ultrastructure 
o  original  rough  strains  of  B.  ovis  and  smooth  B.  melitensis,  B.  abortus,  and 
B.  suis  did  not  differ  substantially.  These  cells  have  a  clearly  defined  cell 
wall  with  a  smooth  surface  on  the  outer  membrane.  S-subcultures  of  B.  ovis  and 
R-vanants  of  other  types  of  brucellae  obtained  under  laboratory  conditions 
were  found  to  have  cells  containing  a  capsule-like  substance. 
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BIOLOGICAL  DESCRIPTION  OF  BACILLI  ISOLATED  IN  SOIL  NIDI  OF  ANTHRAX  IN 
CHITA  OBLAST 

Moscow  ZHURNAL  MIKROBIOLOGII ,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  pp  102-103 

[Article  by  L.  N.  Yuzvik,  P.  I  Naymanov,  and  Yu.  S.  Musatov  (Chita,  Irkutsk)] 

[Text]  With  the  aim  of  evaluating  the  epizootological  and  epidemiological 
characteristics  of  Chita  Oblast  with  regard  to  anthrax,  we  conducted  a 
bacteriological  study  of  358  soil  samples  taken  from  various  sites  consistently 
unfavorable  in  terms  of  this  infection.  Samples  were  taken  at  119  sites  from 
the  surface  and  at  a  depth  of  20-40  cm.  The  most  recent  cases  of  anthrax  in 
humans  and  livestock  in  these  areas  were  reported  in  1958. 

The  basic  test  used  to  isolate  the  strains  was  the  anthrax  phage  test,  which 
unlike  the  biological  method,  makes  it  possible  to  isolate  mildly  virulent  and 
avirulent  strains. 

According  to  the  results  of  this  test,  we  isolated  15  strains  lysed  by  anthrax 
phage  K  (from  the  All-Union  Experimental  Veterinary  Science  Institute)  and 
Gamma  (from  the  Moscow  Veterinary  Academy),  The  degree  of  lysis  varied  from 
clearly  pronounced  to  just  isolated  small  points. 

The  morphology  of  growth  in  liquid  and  dense  media  corresponded  to  the  R-form. 

In  the  microbiological  tests,  we  used  the  B.  anthracis  (STI)  [expansion  unknown] 
and  B.  cereus  T.  strains  as  the  control  groups. 

The  vegetative  cells  of  12  strains  stained  with  luminescing  anthrax  serum  gave 
off  a  specific  luminescence,  which  we  evaluated  as  ++++.  The  luminescence 
of  the  other  strains  was  less  intense  (++)•  We  set  up  a  precipitation  reaction 
(Askoli)  using  cultures  of  the  strains  being  studied  that  had  been  killed  by 
heating  and  then  filtered.  Positive  results  were  recorded  for  12  strains.  The 
precipitation  reaction  using  a  culture  of  the  standard  strain  B.  cereus  T  was 
negative. 

The  result  of  the  test  using  penicillin  (the  "pearl  necklace"  test)  was 
evaluated  as  mildly  positive  in  13  strains.  All  the  strains  had  a  positive 
reaction  to  lecithinase  and  phosphatase.  Individual  cells  of  the  strains  we 
studied  form  a  poorly  defined  capsule.  The  strains  form  spores  well.  The 
spores  are  centrally  located  in  the  cell.  The  cultures  of  the  strains  we 
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studied  are  not  pathogenic  for  white  mice.  The  original  culture  is  discharged 
from  the  organs  of  the  test  animals  between  the  fifth  and  seventh  day. 

When  white  mice  are  infected  with  a  culture  of  vegetative  cells  (500  million 

n  0.5  ml)  with  chicken  yolk,  death  follows  after  20-24  hours  with  thorough 
involvement  of  all  the  organs.  ® 

Thus,  the  results  obtained  in  a  study  of  isolated  strains  do  not  allow  us  to 
identify  precisely  their  place  in  the  taxonomy  of  the  bacilli.  We  are  inclined 
to  classify  some  of  them  as  mutant,  avirulent  forms  of  the  anthrax  agent. 

*1*®rature  doesc  contain  <*fta  on  isolating  similar  nonpathogenic  strains  of 
the  anthrax  agent  from  the  soil  and  other  objects  in  the  environment  (Yaremenko 
?**}*!  J976’  Lebedinskaya  et  al. ,  1978).  The  epizootological  role  of  these 
strains  is  unclear.  Therefore,  research  needs  to  be  done  to  study  the 

°f  reversion  in  the  strains  with  a  restoration  of  the  determinant 
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SENSITIVITY  OF  BRUCELLAE  ISOLATED  IN  TUVA  ASSR  TO  ANTIBIOTICS 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  p  103 

[Article  by  T.  G.  Charnaya,  A.  F.  Pinigin,  and  L.  P.  Repina  (Kyzyl,  Irkutsk)] 


[Text]  The  study  of  the  sensitivity  of  agents  of  various  diseases  to 
antimicrobial  preparations  is  the  basis  for  choosing  the  most  rational  system 
of  treatment. 

We  determined  the  sensitivity  of  72  strains  of  Brucella  melitensis,  9  strains 
of  B.  abortus,  and  7  strains  of  B.  ovis,  all  isolated  in  the  Tuva  ASSR,  to  16 
antibiotics.  We  used  the  method  of  serial  dilutions  in  dense  nutrient  media. 

We  used  benzyl  penicillin,  oxacillin,  methicillin,  ampicillin,  bicillin, 
streptomycin,  kanamycin,  levomycetin,  tetracycline,  monomycin,  gentamicin, 
polymyxin  M,  erythromycin,  lincomycin,  ristomycin,  and  morphocycline. 

We  found  that  all  the  strains  of  B.  melitensis  and  B.  abortus  have  a  high 
degree  of  sensitivity  to  gentamicin,  streptomycin,  and  kanamycin  (the  minimum 
inhibiting  concentration  for  the  majority  of  the  strains  was  less  than 
1.0  pg/ml;  the  strains  were  less  sensitive  to  tetracycline  (the  minimum 
inhibiting  concentration  was  1.25-5.0  pg/ml).  Benzyl  penicillin,  methicillin, 
bicillin,  levomycetin,  and  erythromycin  had  a  weak  bacteriostatic  effect  on  the 
brucelli  isolated  in  Tuva  (the  minimum  inhibiting  concentration  was  15-100 
pg/ml).  All  the  strains  of  B.  melitensis  and  B.  abortus  were  resistant  to 
oxacillin,  polymyxin  M,  and  ristomycin  (the  minimum  inhibiting  concentration 
was  over  200  pg/ml). 

Strains  of  B.  ovis  were  highly  sensitive  to  tetracycline,  streptomycin,  and 
monomycin  (the  minimum  inhibiting  concentration  was  0.4-0. 1  pg/ml).  Benzyl 
penicillin,  kanamycin,  morphocycline,  ampicillin,  and  lincomycin  had  a  less 
pronounced  bacteriostatic  effect  (the  minimum  inhibiting  concentration  was 
5.0-10.0  pg/ml). 

An  analysis  of  the  data  we  obtained  allows  us  to  conclude  that  the  brucellae 
isolated  in  smooth  and  rough  forms  in  the  Tuva  ASSR  differ  in  terms  of  their 
resistance  to  antibiotics.  B.  ovis  was  the  most  sensitive  to  antibiotics. 


The  sensitivity  of  B.  melitensis  and  B.  abortus  isolated  in  Tuva  to  the 
majority  of  the  antibiotics  tested  does  not  correspond  to  the  sensitivity  of 
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typical  strains  of  brucellaej this  indicates  that  the  strains  we  studied  are 
unusual.  For  example,  the  minimum  inhibiting  concentration  of  benzyl 
penicillin,  levomycetin,  and  erythromycin  for  these  strains  of  B.  melitensis 
and  B.  abortus  were  10-30  times  higher  than  the  values  described  by  Navashin 
and  Fomin  (1974).  The  strains  isolated  in  Tuva  were  resistant  to  oxacillin 
polymyxin  M,  and  ristomycin.  * 


The  data  we  obtained  may  be  of  practical  significance.  It  is  well  known  that 
in  treating  people  suffering  from  brucellosis,  in  addition  to  using  antibiotics 
of  the  tetracycline  series,  levomycetin  and  erythromycin  are  also  recommended. 
Ifc  is  clear  than  under  conditions  in  the  Tuva  ASSR,  the  use  of  these 
antibiotics  is  not  desirable,  since  they  have  a  weak  bacteriostatic  effect. 

At  the  same  time,  gentamicin,  kanamycin,  and  streptomycin  are  very  effective 
against  the  brucellae  that  have  been  isolated  in  the  Tuva  ASSR  and  should  play  a 
leading  role  in  the  treatment  of  brucellosis  patients  in  this  region. 
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DESCRIPTION  OF  STRAINS  OF  YERSINIA  ENTEROCOLITICA  ISOLATED  FROM  HUMANS 
AND  ANIMALS  IN  SIBERIA  AND  FAR  EAST 

Moscow  ZHURNAL  MIKROBIOLOGII ,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  pp  105-106 

[Article  by  L.  A*  Timofeyeva,  L.  P.  Mironova,  V*  Ya.  Golovacheva,  N.  S. 
Gaydukova,  0.  A.  Mikhaylova,  N.  M.  Busoyedova,  and  K.  V.  Podbolotov  (Irkutsk, 
Khabarovsk,  Vladivostok,  and  Yuzhno-Sakhalinsk)] 

[Text]  The  present  paper  summarizes  data  on  strains  of  Y.  enterocolitica 
isolated  by  associates  of  antiplague  institutions  and  departments  of  especially 
dangerous  infections  at  sanitary-epidemiological  stations  in  Siberia  and  the 
Far  East  between  1971  and  1980  and  studied  at  the  Microbiology  Department  of 
the  Irkutsk  Antiplague  Institute* 

The  first  cultures  were  isolated  in  1971  on  Sakhalin  Island  from  a  gray  rat  and 
a  red-and-gray  vole*  Over  recent  years  264  strains  have  been  obtained  in 
Sakhalin  Oblast.  Similar  cultures  have  been  reported  in  Maritime  (125), 
Khabarovsk  (73),  and  Krasnoyarsk  (23)  krays;  in  Kamchatka  (63),  Irkutsk  (9), 
Chita  (2),  and  Novokuznetsk  (1)  oblasts;  and  in  the  Buryat  ASSR  (16)  and 
Yakutsk  ASSR  (13).  A  total  of  589  strains  have  been  studied  over  10  years. 

The  overwhelming  majority  of  strains  (354)  were  isolated  from  rodents;  78  were 
isolated  from  humans;  44  from  other  types  of  animals;  20  from  arthropods;  and 
17  from  birds.  A  large  number  of  strains  (120)  were  isolated  from  rinses  of 
food  products  and  from  objects  in  the  environment.  The  cultures  from  humans 
were  obtained  mainly  from  people  who  had  diagnoses  of  hepatitis,  German 
measles,  pseudotuberculosis,  enterocolitis,  appendicitis,  etc. 

The  isolation  of  cultures  was  recorded  over  the  course  of  the  whole  year,  but 
primarily  during  the  autumn,  winter,  and  spring  seasons. 

The  overwhelming  majority  of  strains  were  isolated  by  keeping  the  material  in  a 
storage  medium  (phosphate  buffer,  Serov* s  medium)  in  a  refrigerator  at  5°C  with 
subsequent  cultivation  in  agar. 

In  smears  of  the  agar  and  broth  cultures,  Y.  enterocolitica  microbes  appear  as 
short  bacilli  with  rounded  ends.  The  bacteria  are  gram-negative;  they  are 
motile  at  20-22°C  and  nonmotile  at  37°C.  Colonies  that  are  round  in  shape  with 
a  smooth  surface  and  even  edge  grow  in  agar  media  after  24-48  hours.  In 
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various  strains  the  colonies  have  a  granular  or  slightly  bumpy  surface  and  an 
uneven,  indented  edge.  Cultures  in  broth  have  a  regular  opacity  and  on  the 
second  or  third  day  they  form  a  ring  alongside  the  wall  on  the  surface  of  the 
medium.  At  a  temperature  of  28°C  the  cultures  are  not  lysed  by  plague  and 
pseudotuberculosis  bacteriophages;  at  37°C,  8  of  the  strains  studied  were 
sensitive  to  the  pseudotuberculosis  bacteriophage  when  tested  in  a  solid  agar 
medium. 


Oft  the  first  or  second  day  the  strains  break  down  glucose,  galactose,  maltose, 
trehalose,  levulose,  mannose,  mannitol,  and  with  few  exceptions,  cellobiose, 
glycerine,  sorbitol,  and  inositol.  The  majority  of  cultures  studied  are 
capable  of  breaking  down  arabinose,  xylose,  sucrose,  salicin,  and  esculin. 

Some  of  the  strains  break  down  rhamnose  and  raffinose.  A  few  strains  form  an 
acid  in  the  presence  of  melibiose.  The  breakdown  of  lactose  did  not  occur 
during  the  first  3  days  of  observation;  during  later  periods  (between  4  and  17 
days)  the  formation  of  an  acid  was  observed  in  some  strains.  The  strains  do 
not  break  down  adonite,  dulcite,  or  inulin.  When  grown  in  Hiss'  medium,  the 
majority  of  cultures  form  a  gas  of  small  bubbles  in  the  presence  of  1-2  or  more 
substrates.  The  strains  break  down  urea  and  change  the  color  differential 
medium  (Timofeyev  et  al,  1957)  to  blue  and  the  universal  graduated  column 
(Serov,  1978)  to  yellow  with  a  brownish  stripe  along  the  injection  line. 

The  majority  of  strains  grown  in  Hottinger's  broth  (pH  7.2,  the  depth  of  the 
split  in  the  protein  molecule  is  60-70  percent,  and  the  aminic  nitrogen  content 
is  150  mg  percent)  form  hydrogen  sulfide.  Indole  formation  and  the  ability  to 
reduce  nitrates  into  nitrites  was  observed  in  more  than  90  percent  of  the 
strains.  All  the  strains  had  a  positive  reaction  to  catalase,  6— galactosidase, 
methyl  red,  and  Foges— Proskauer  at  22°C  and  a  negative  reaction  to  oxidase  and 
phenylalanine  desaminase.  The  strains  decarboxylate  ornithine  and  they  do  not 
possess  lysine  decarboxylase  or  arginine  dihydrolase.  In  determining  the 
hemolytic  activity,  positive  results  were  obtained  in  Hottinger's  broth.  Of 
the  431  strains  studied,  68  percent  demonstrated  lecithinase  activity. 

The  strains  are  resistant  to  penicillin  and  they  show  penicillinase  activity. 

In  a  study  to  determine  the  interaction  between  Y.  enterocolitica  and  other 
antibiotics  (using  the  method  of  serial  dilutions  in  agar),  it  was  established 
that  the  strains  are  most  sensitive  to  tetracycline,  oxytetracycline,  and 
morphocycline;  they  are  less  sensitive  to  rondomycin,  sigmamycin,  kanamycin, 
streptomycin,  and  neomycin.  The  strains  are  not  sensitive  to  benzyl 
penicillin,  ampicillin,  and  ristomycin.  Growth  in  the  culture  was  observed 
when  the  concentration  of  the  latter  was  187  pg/ml. 

The  strains  are  not  pathogenic  in  guinea  pigs  when  introduced  subcutaneously  in 
a  suspension  of  the  culture  containing  a  dose  of  1*10  -3‘109  microbial  cells. 
After  820  white  mice  were  infected  subcutaneously  with  a  0.5  ml  24-hour  broth 
culture  (360  strains),  84  animals  died.  Most  of  the  white  mice  died  on  the 
first  or  second  day.  Of  235  white  mice  infected  intra— abdominally,  62  died. 
When  the  material  was  applied  t^  the  animals'  skin,  none  of  them  died.  When  a 
culture  containing  a  dose  of  10  microbial  cells  with  a  suspension  of  dried 
chicken  yolk  was  introduced  into  white  mice,  the  intestinal  yersiniosis  did  not 
cause  death  in  any  of  the  animals,  but  the  preparation  does  cause  a  sharp 
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increase  in  the  sensitivity  of  white  mice  to  plague  and  pseudotuberculosis 
microbes,  and  listeriosis  and  erysipelas  agents. 

The  strains  we  studied  correspond  in  terms  of  basic  biochemical  properties  to 
strains  isolated  from  humans  and  animals  that  were  graciously  provided  to  us  by 
Professor  Molliar  from  France,  Professor  Knapp  from  the  FRG,  and  Doctor 
Rakovskiy  from  Czechoslovakia.  This  allows  us  to  assume  that  rodents  are  one 
of  the  sources  through  which  humans  are  contaminated  by  intestinal  yersiniosis; 
convincing  proof  of  the  role  of  rodents  in  pseudo tuberculosis  infection  has 
been  provided  by  many  investigators. 
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COMPARATIVE  EXPERIMENTAL  AND  MORPHOLOGICAL  DESCRIPTION  OF  PATHOGENICITY 
OF  VIBRIO  ELTOR,  ISOLATED  FROM  OPEN  RESERVOIRS 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11 

iyoj  pp  106-10/  9 

[Article  by  S.  G.  Sappo,  V.  S.  Kolesnik,  and  A.  S.  Maramovich  (Irkutsk)] 

[Text]^  We  used  3  strains  of  V.  eltor  isolated  from  open  reservoirs  that  are 
epidemicaHy  favorabie  in  terms  of  cholera.  Two  of  these  strains  (1-935  and 
1-723)  are  mildly  virulent  and  the  other  (1-949)  is  avirulent*.  A  culture  of 
®a9h  was  lntr°duced  into  animals  intra-intestinally  in  doses  of  105  and 

V15r^nnu  r  °f  *he  animal's  b°dy  weight.  For  each  of  these  doses 

we  used  10  baby  rabbits,  which  were  then  studied  pathomorphologically  and 

Jli??0i0815aliy  aft!r  12>  24’  48’  and  72  h0urS‘  We  also  axa”ined  the  animals 
disease64  h°Se  W6r£  PUt  t0  Sleep  during  the  ag°nal  period  of  the 

In  the  dissection  of  the  animals  the  pathological  anatomical  changes  were 
c  aracterized  by  hyperemia  of  the  intestinal  serous  membrane  with  the  intestine 
containing  a  moderate  amount  of  liquid  or  viscous  material;  the  large  intestine 
was  enlarged  and  filled  with  a  semi-transparent,  opaque  yellowish,  or  yellow 
riuid.  In  addition,  there  was  also  moderately  pronounced  dystrophy  of  the 
iver  and  kidneys.  All  these  changes  were  more  marked  in  the  baby  rabbits  that 
had  received  the  culture  containing  the  1-935  strain,  and  they  were  found 
consistency  among  those  that  were  given  the  107  dose  and  less  often  among 
hose  that  received  the  dose  of  10  vibrions.  Among  the  animals  that  received 
e  culture  containing  the  1-723  strain,  pathological  anatomical  changes  took 
place  only  in  some  of  the  animals  and  only  when  the  dose  was  10?  vibrions. 

ong  the  animals  that  received  the  culture  containing  strain  1-949,  changes 
were  seen  with  both  doses,  but  only  in  isolated  cases! 


*Cf.  "Metodicheskiye  Rekomendatsii  po  Opredeleniyu  Virulentnosti  Kholernykh 
Vibnonov  na  Modeli  Krolikov-Sosunkov"  [Methodological  Recommendations  for 

Rostov1oiI1Donhei979UlenCe  °f  Ch°lera  Vibrions  Using  Baby  Rabbits  as  Models], 
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Among  the  animals  that  were  given  the  culture  with  strain  1-935,  histological 
changes  took  place  in  the  stomach  in  the  form  of  hyperemia  in  the  mucosa  and 
submucosa,  areas  of  loosening  in  the  end  sections  of  glands,  and  the  presence 
of  numerous  vibrions  on  the  surface  of  the  mucous  membrane  or  free  in  the 
stomach  cavity  (in  the  middle  of  sloughed  epithelium). 

In  the  duodenum  at  first  there  was  moderate  edema  in  the  stroma  of  separate 
fibers;  in  places  there  was  vacuolization  of  the  epithelial  membrane; 
infiltration  of  the  stroma  by  single  pseudo-eonsinophiles  was  noted  in  places; 
there  was  subsequent  hyperemia  of  the  mucosa  and  submucosa,  loosening  and 
tearing  away  of  the  end  sections  of  some  fibers  and  an  abundance  of  vibrions  in 
the  lumen  of  the  intestine  (in  the  middle  of  sloughed  epithelium  and  torn 
fibers),  on  the  surface  of  the  fibers,  in  the  stroma  of  various  fibers,  and  in 
the  follicles  and  submucosal  membrane. 

In  the  jejunum  and  ileum  we  found  hyperemia  and  edema  in  the  mucosa  and 
submucosa,  moderate  infiltration  by  pseudo-eosinophiles  with  the  latter  in 
epithelial  cells,  vacuolization  and  granular  dystrophy  of  the  epithelium, 
loosening  and  tearing  of  the  epithelium,  exudate  consisting  of  a  homogeneous 
oxyphilic  mass  in  the  intestinal  lumen  along  with  sloughed  epithelium,  pseudo- 
eosinophiles  and  a  small  number  of  vibrions  (on  the  surface  of  the  fibers,  in 
the  epithelium,  and  in  the  intestinal  lumen).  During  the  agonal  period  of  the 
disease  and  in  the  dead  animals  we  found  hyperemia  and  edema  in  the  submucosal 
membrane,  loosening,  necrosis,  and  tearing  of  the  epithelium  and  end  sections 
of  fibers,  and  an  abundance  of  vibrions  in  the  lumen,  in  necrotic  sections  of 
the  mucosa,  and  in  the  follicles  and  stroma  of  individual  fibers. 

In  the  large  intestine  we  found  hyperemia  and  edema  in  the  mucosa  and 
submucosa,  infiltration  of  these  layers  by  pseudo-eosinophiles;  in  places  we 
found  pseudo-eosinophiles  in  the  epithelium,  a  few  vibrions  on  the  surfaces  of 
folds;  and  in  some  animals,  we  found  intestinal  contents  with  an  oxyphilic 
mass,  sloughed  epithelium,  vibrions,  and  pseudo-eosinophiles.  In  the  agonal 
period  of  the  disease  and  in  the  dead  animals  in  addition  to  these  changes  we 
also  found  granular  dystrophy  and  areas  of  vacuolization  in  the  epithelium, 
loosening,  tearing,  and  necrosis  of  epithelium  in  the  folds,  infiltration  of 
the  mucosa  and  submucosa  by  lymphocytes,  and  an  abundance  of  vibrions  (in  the 
lumen,  on  the  surface  and  in  the  epithelium  of  folds,  and  in  follicles). 

In  the  liver  we  found  granular  dystrophy  of  parenchymal  cells  and  infiltration 
by  eonsinophiles  (mixed  in  with  elements  usually  found  in  baby  rabbits  when 
there  is  local  infiltration  of  the  liver  by  myeloid  elements). 

In  the  kidneys  we  found  granular  dystrophy  of  the  epithelium  of  the  proximal 
convolute  tubules,  with  the  primary  dystrophy  occurring  near  the  medullar  zone; 
there  was  excess  blood  in  the  capillaries,  veins,  and  in  some  glomeruli. 

During  the  agonal  period  of  the  disease  and  in  the  dead  animals  we  found  in  the 
myocardium  irregular  granular  dystrophy  of  the  myocardial  cells. 

In  the  spleen  we  found  infiltration  (diffuse  or  localized)  by  red  pulp  and 
sometimes  in  the  ends  of  follicles  there  was  infiltration  by 
pseudo-eosinophiles;  there  was  excess  blood  in  the  sinuses  in  some  cases. 
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n  animals  that  were  given  the  culture  containing  strain  1-723,  a  similar 
histological  picture  was  characterized  by  a  relatively  low  level  of  edema  in 
the  stroma  of  fibers  and  vacuolization  of  the  epithelium  covering  the  fibers. 

“gniflcant  loosening  and  tearing  of  the  epithelium  on  the 
end  sections  of  the  fibers,  as  well  as  accumulation  of  vibrions  on  the  surface 
of  the  fibers  and  deeper  in  the  epithelial  layer  both  where  it  was  loosening 
and  where  no  structural  damage  was  evident.  In  the  agonal  period  of  the 
disease  and  m  the  dead  animals  the  intestinal  infection  was  generally  of  the 
same  character  and  expressed  to  the  same  extent  as  that  found  in  animals  that 
had  been  given  the  culture  containing  strain  1-935;  it  differed  however,  in 
that  there  was  significant  hyperemia  in  the  mucosa  and  submucosa  with 
hemorrhaging,  and  loosening,  tearing,  and  necrosis  of  the  fibers,  often  in  the 

andmwifhmark!d  dest™c^°?  of  the  mucosa,  usually  with  an  abundance  of  vibrions 
and  with  evidence  of  vibrions  in  the  epithelium  and  stroma  of  the  damaged 


were  Jh!  r  r6  glven.the  culture  containing  strain  1-949,  of  interest 

the  marked  hyperemia  m  the  mucosa  and  submucosa,  hemorrhaging,  and  fairly 

damaJd  U  th®  mucosa  with  an  abundance  of  vibrions  penetrating  the 

aged  areas,  these  effects  were  found  only  during  the  agonal  period  and  in 
animals  that  died.  Significant  accumulations  of  vibrions  were  found  in  the 
stomachs  of  animals  m  this  group;  they  were  located  on  the  surface  of  the 
mucosa  and  deeper  in  the  mucosa  with  signs  of  loosening.  There  were  also  areas 

sevmpnt^r083!  ha  T®'*  affected  b?  hyperemia,  infiltration  by  lymphoidal  and 
segmental  nuclear  elements,  and  an  absence  of  superficial  layers  and 
disorganization  of  glands.  * 

in  :£erfl-°r?T  We  f°Und  changes  similar  to  those  that  occurred  in  the  animals 
m  tne  rirst  two  groups. 

In  a  bacteriological  study  of  material  from  the  animals  we  isolated  vibrions 
from  various  parts  of  the  gastro-intestinal  tract  and  in  some  of  the  animals 
(primarily  those  that  died),  we  isolated  vibrions  from  the  bile  and  blood. 

P)®  datKk^at  T  haV®  presented  show  that  intra-intestinal  introduction  into 
baby  rabbits  of  strains  of  Vibrio  eltor  isolated  from  objects  in  the 

w?thrrhrn^re-Ul-S  in  ?CUte  inflairanatory  damage  to  the  gastro-intestinal  tract 
Where  pathom°rPholoSical  changes  not  only  in  the  small  intestine, 

dnoden  h  "^II13?'  Suspansion  was  introduced,  but  also  in  the  stomach,  the 
duodenum,  and  the  large  intestine.  The  relationship  between  the 

pathomorphological  changes  that  we  found  and  the  peculiar  features  of  a  given 

;"1S; =haraf ' Srlzed  by  the  fa't  that  when  a  strain  has  a  more  pronounced 
capaCity  to  produce  an  enteropathogenic  effect  in  baby  rabbits,  there  are  more 
pronounced  signs  of  edema  in  the  intestinal  wall  (in  the  mucosa  and  submucosa) 

with  *  hi  t*  more  marked  vacuolization  in  the  epithelium  of  the  fibers,  usually 
w  th  a  higher  or  lower  content  of  vibrions  in  the  intestine.  When  a  strain  has 
a  lower  enteropathogenic  capacity  (this  includes  the  avirulent  strain)  this 
component  of  inflammatory  damage  in  the  gastro-intestinal  tract  is  less 
pronounced  or  is  absent  altogether;  the  predominant  changes  are  hyperemia, 
emorrhagmg,  alterative-destructive  changes,  often  with  an  abundance  of 
vibrions  and  with  vibrions  appearing  in  the  intestinal  wall. 
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Of  special  interest  is  the  fact  that  the  stomach  and  duodenum  are  involved, 
which  is  apparently  tied  to  the  retrograde  appearance  of  the  vibrion  in  these 
areas  and  to  the  subsequent  massive  accumulation  of  the  vibrion  deep  in  the 
mucosa.  The  latter  event  gives  us  reason  to  belive  that  the  vibrion  is  quite 
enterotropic.  Also,  small  accumulations  of  vibrions  in  apparently  undamaged 
epithelium  of  the  mucosa  and  in  intercellular  junctions  of  the  epithelium  allow 
us  to  assume  that  the  vibrion  is  capable  of  invasion. 
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USING  DIALYSIS  CULTURE  METHOD  TO  OBTAIN  DIFFUSING  FRACTIONS  OF  PLAGUE  MICROBE 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11 
1983  pp  107-108 

[Article  by  N.  G.  Ponomarev,  Yu.  V.  Brandzishevskiy,  and  0.  M.  Kosmayenko 
(Saratov)] 

[Text]  Dialysis  cultivation  has  substantial  advantages  over  growing  bacterial 
cultures  in  dense  and  fluid  nutrient  media. 

A  number  of  papers  have  been  published  on  using  this  method  to  obtain 
protective  antigens  of  the  anthrax  agent,  as  well  as  botulin,  staphylococcal, 
diphtheria,  and  tetanus  toxins  (Gladstone,  1948;  Herold  et  al.,  1967;  Lin, 

1954;  Mueller,  1940;  Sterne  et  al. ,  1951). 

The  aim  of  the  present  study  was  to  obtain  diffusing  antigens  of  the  plague 
microbe  using  the  method  of  growing  cultures  on  semipermeable  membranes,  and  to 
study  the  quantitative  and  qualitative  composition  of  the  antigens  that  diffuse 
into  the  medium. 


The  practical  application  of  this  principle  of  cultivation  required  the 
development  of  special  equipment.  The  model  device  had  2  culture  chambers 
consisting  of  membrane  filters  and  a  fluid  nutrient  medium  below  the  filters. 

In  order  to  find  the  diffusing  antigens  we  used  the  precipitation  reaction  in 
gel,  the  passive  hemagglutination  reaction,  and  the  antibody  neutralization 
reaction.  To  classify  the  antigens,  we  used  specific  sera  for  FI,  FII,  VW,  and 
H-antigens,  as  well  as  erythrocytic  antibody  diagnosis  for  FI  and 
lipopolysaccharide. 

In  the  precipitation  reaction  with  whole  agglutinating  plague  serum,  we 
found  that  the  maximum  number  of  precipitation  zones  in  the  EV  strain  (8)  and 
in  the  K-l  strain  (11)  appeared  with  filters  taken  on  the  second  day  of 
cultivation  and  remained  in  samples  taken  up  to  the  seventh  day.  The 
temperature  of  the  culture  (28°  or  37°C)  did  not  affect  the  number  of 
precipitation  zones  recorded. 
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In  the  precipitation  reaction  with  specific  sera,  FI  was  found  to  be  present  in 
diffusing  fractions  of  the  EV  and  K-l  strains  sampled  on  the  third  and 
subsequent  days. 

In  the  passive  hemagglutination  reaction  and  the  antibody  neutralization 
reaction  FI  was  detected  in  the  diffusing  fractions  of  both  strains  also  on  the 
third  day  in  titers  of  1:4  and  1:8;  on  the  fifth  and  sixth  day  the  titers 
increased  to  1:64  and  1:128.  One  of  the  samples  of  the  K-l  strain  was  an 
exception;  it  was  taken  on  the  second  day  and  in  the  passive  hemagglutination 
reaction  FI  was  found  in  a  titer  of  1:4. 

In  the  precipitation  reaction,  ''mouse11  toxin  was  detected  in  diffusing 
fractions  that  were  sampled  starting  on  the  third  day. 

In  the  passive  hemagglutination  reaction  and  the  antibody  neutralization 
reaction  lipopolysaccharide  appeared  in  the  diffusing  fractions  on  the  third 
day  after  the  culture  was  started  in  titers  of  1:8-1:16;  by  the  sixth  or 
seventh  day  the  titers  had  risen  to  1:164-1:256. 

In  the  precipitation  reaction  the  VW-  and  H-antigens  were  not  detected  in  the 
diffusing  fractions  at  any  point  in  the  study. 

In  tests  on  white  mice  we  determined  the  toxicity  of  diffusing  fractions 
through  intra-abdominal  introduction  of  fractions  taken  on  the  fifth  day  of  the 
culture.  The  LD  of  the  fractions  of  the  EV  strain  was  0.05  mg  and  for  the 
K-l  strain,  it  was  0.02  mg  (of  protein). 

In  tests  on  guinea  pigs  we  determined  the  immunological  activity  of  the 
diffusing  fractions  of  the  EV  and  K-l  strains  taken  on  the  fifth  day  of  the 
culture.  Twenty-one  days  after  a  single  subcutaneous  injection  of  diffusing 
fractions  containing  1  mg  (by  protein),  60-80  percent  of  the  animals  survived 
contamination  by  20  Del  of  the  virulent  231  strain  of  the  plague  microbe. 

This  method  of  dialysis  cultivation  can  be  used  to  obtain  diffusing  sterile 
fractions  of  the  plague  microbe  over  the  entire  culture  period,  which  is 
especially  valuable  when  working  with  virulent  strains.  In  the  future  this 
method  can  be  used  successfully  to  work  out  under  the  dynamics  of  optimal 
conditions  the  synthesis  of  necessary  antigens  of  the  plague  microbe,  and  to 
study  the  effect  of  widely  varying  groups  of  substances  on  the  viability  of  a 
population  by  adding  them  to  the  nutrient  medium. 
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SOME  CHARACTERISTICS  OF  METABOLISM  OF  PLAGUE  MICROBE 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11 
1983  pp  108-109  * 

[Article  by  V.  G.  Mayskiy  (Stavropol)] 

[Text]  Some  specific  achievements  have  been  made  in  the  study  of  the  metabolism 
of  the  plague  microbe,  which  are  reflected  in  a  number  of  monographs 
(Martinevskiy,  1969;  Domaradskiy  et  al.,  1974).  However,  it  has  become 
possibie  only  recently  to  solve  many  of  the  questions  concerning  the  metabolism 
ot  this  agent;  the  widespread  application  of  contemporary  bacteriological, 
biochemical,  and  genetic  research  methods  is  responsible  for  this.  The  present 
paper  on  the  whole  contains  a  description  of  a  study  of  the  characteristics  of 
the  metabolism  of  the  plague  agent  that  was  done  at  the  Biochemistry  of  the 
lague  Microbe  Laboratory  at  the  Antiplague  Scientific  Research  Institute  of 
the  Caucasus  and  Transcaucasus. 


In  studying  the  ef|ect  of  several  glycine-containing  di-  and  tri-peptides  on 
the  inclusion  of  C-glycine  in  the  proteins  of  the  plague  microbe,  we 
determined  their  competitive  and  specific  inhibition  of  this  inclusion;  in  a 
number  of  cases  this  inhibition  was  quite  high  (up  to  87  percent),  but  the 
growth  of  bacteria  and  protein  synthesis  within  the  bacteria  did  not  slow  down. 
The  results  we  obtained  gave  us  reason  to  suppose  that  some  low-molecular 
peptides  can  be  used  in  the  biosynthesis  of  protein  better  than  free  amino 
acids.  Indeed,  when  growing  the  plague  microbe  in  complete  nutrient  media 
fgntainmg  peptides,  we  observed  insignificant  inclusion  of  T*C-methionine  and 
C-pheny lalanine ,  which  are  "essential"  amino  acids.  Poor  utilization  of  free 
amino  acids  by  the  plague  microbe  in  complete  nutrient  media  was  also  confirmed 
by  chromatographic  methods.  At  the  same  time,  inclusion  of  these  amino  acids 
was  high  when  plague  bacteria  were  grown  in  a  peptide-free  synthetic  medium. 

The  results  we  obtained  allow  us  to  re-examine  the  traditional  perception  of 
free  ammo  acids  as  the  source  of  nitrogen  for  protein  used  most  by  the  plague 
microbe.  On  the  basis  of  data  in  the  literature  on  the  content  of  proteins  and 
their  precursors  m  the  blood  and  tissues  of  rodents  with  plague  (Domaradskiy, 
1966),  we  can  assume  that  there  are  changes  in  the  content  and  polymer  aspects 
of  proteins  in  the  presence  of  plague  infection.  A  possible  increase  in  the 
concentration  of  easily  assimilated  peptides  in  the  blood  and  tissues  of  an 
animal  with  plague  will  help  speed  up  the  multiplication  of  plague  bacteria, 


124 


that  is,  in  the  final  analysis  it  will  promote  the  development  of  the  infection 
process . 

Many  investigators  tie  the  extent  to  which  the  potential  pathogenicity  of  the 
bacteria  is  realized  to  the  specific  aspects  of  biological  oxidation  of  the 
bacteria.  The  energy  system,  specifically  the  respiratory  chain  of  the 
microorganisms,  is  extremely  labile  (Gel'man  et  al. ,  1966).  One  can  judge  the 
activity  of  the  respiratory  chain  by  the  intensity  at  which  the 
nonphysiological  hydrogen  acceptors  are  used,  including  2,  3, 
5-triphenyltetrazolium  chloride  (TTC).  Compared  to  saprophytes  (intestinal 
bacilli  and  common  proteus),  the  use  of  TTC  by  the  plague  microbe  was  quite 
low.  As  a  result  of  the  fact  that  TTC  directs  the  respiratory  chain  along  a 
false  course,  and  in  the  final  analysis  leads  to  retardation  in  the  growth  of 
the  bacteria,  this  retardation  is  especially  significant  for  saprophytes  that 
have  a  high  level  of  TTC-dehydrogenase  activity.  In  our  experiments  we 
observed  a  70-85  percent  inhibition  of  the  growth  of  microflora  taken  from  a 
rinse  of  objects  in  the  environment  after  2  days  of  growth;  under  these  same 
conditions  there  was  only  a  4-14  percent  inhibition  of  the  growth  of  the  plague 
agent.  The  fact  that  the  plague  microbe  uses  the  nonphysiological  hydrogen 
acceptor  much  later  and  to  a  lesser  extent  provides  certain  selective 
advantages  in  cultures  in  nutrient  media  containing  TTC. 

In  a  study  of  the  exchange  of  purine  compounds,  it  was  shown  tha|^with  the 
plague  microbe,  unlike  the  pseudotuberculosis  agent  in  rodents,  C-adenine  is 
not  included  in  the  guanine  of  polynucleotides  when  histidine  is  present  in  the 
nutrient  medium.  Of  the  3  possible  pathways  for  turning  exogenous  adenine  into 
the  guanine  of  nucleic  acids  in  the  plague  microbe,  there  is  only  one  that 
involves  the  biosynthesis  of  histidine.  In  the  plague  microbe,  unlike  the 
pseudotuberculosis  agent  in  rodents,  the  pathway  that  requires  deamination  of 
adenosine  before  inosine  is  missing.  We  studied  the  activity  of  adenosine 
desaminase  and  the  optimal  conditions  for  its  manifestation  in  the 
pseudotuberculosis  agent  in  rodents,  however  efforts  to  induce  this  activity  in 
the  plague  agent  were  unsuccessful.  On  the  basis  of  this  difference,  we 
developed  a  reliable  and  rapid  (2-hour)  method  for  differentiating  plague  and 
pseudotuberculosis  microbes  in  terms  of  adenosine  desaminase. 

We  studied  the  metabolism  of  pyrimidine  bases  and  nucleosides  in  plague  and 
pseudotuberculosis  microbes.  We  found  another  feature  that  distinguishes  the 
plague  microbe  from  the  pseudotuberculosis  agent  in  rodents  and  enterobacteria: 
the  plague  agent  is  not  capable  of  assimilating  thymine,  that  is,  it  is  lacking 

the  enzyme  thymidinephosphorylase.  From  this  it  follows  that  using  thymine  for 

specific  marking  of  the  DNA  of  the  plague  microbe  is  not  possible  in  practice 
and  obtaining  mutants  that  are  dependent  only  on  thymine  is  not  promising.  On 

the  other  hand,  14C-thymidine,  which  does  not  break  down  in  the  presence  of 

thymidine  phosphorylase,  remains  for  a  long  time  in  the  DNA  of  the  plague 
microbe  and  thus  is  a  highly  effective  marker. 

The  defects  that  have  been  found  in  the  plague  microbe  regarding  the  use  of 
exogenous  adenine  and  thymine  turned  out  to  be  inherent  in  all  the  strains  we 
studied,  regardless  of  differences  in  terms  of  their  biological  properties, 
virulence,  and  the  time  and  place  they  were  isolated  (the  Caucasus,  Mongolia, 
China,  India,  Central  Asia,  Trans-Baykal,  etc.) 
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As  a  result  of  the  research  we  did,  we  revealed  a  number  of  peculiarities  in 
the  metabolism  of  the  plague  microbe.  The  deficiency  of  a  number  of  enzymes  in 
the  plague  bacteria  compared  to  other  microorganisms,  weaker  activity  of  other 
enzymes,  and  the  resulting  limited  possibilities  for  utilizing  a  number  of 
compounds,  including  possibly  substances  that  participate  in  the 
macroorganism's  defense  responses,  may  under  certain  conditions  promote  the 
survival  and  multiplication  of  the  microbe  in  the  internal  conditions  of  the 
macroorgans 1m;  that  is,  they  may  contribute  to  an  important  biological  property 
or  the  plague  microbe — its  virulence. 

On  the  basis  of  the  known  similarity  between  the  plague  and  pseudotuberculosis 
microbes  in  terms  of  many  of  their  biochemical  and  antigenic  properties,  and  on 
e  basis  of  recent  experiments  on  the  molecular  hybridization  of  their  DNA  we 

?oQn?ieVheSe  bacteria  as  subtypes  of  single  type  (Bercovier,  Mollaret  et  al., 
19»01.  However,  the  genetically  determined  biochemical  differences  between  the 
plague  and  pseudotuberculosis  microbes  indicate  that  in  the  plague  microbe 
dozens,  if  not  hundreds,  of  genes  that  are  characteristic  of  the 
pseudotuberculosis  agent  in  rodents,  are  absent  or  are  repressed.  On  the  basis 
of  the  presence  of  already  known  considerable  and  significant  differences  in 
the  genotype  of  the  plague  microbe  and  the  pseudotuberculosis  microbe,  they  can 
hardly  be  considered  subtypes  rather  than  independent  types  of  bacteria. 

Therefore,  the  possibilities  for  the  plague  microbe  to  realize  the  majority  of 
the  biochemical  properties  studied  are  more  limited  than  those  of  a  number  of 
other  microorganisms;  this,  on  the  one  hand,  can  be  reflected  to  some  extent  in 
a  selective  approach  to  types  of  natural  carriers  and  transmitters  of  this 
infection;  and,  on  the  other  hand,  this  can  in  a  number  of  cases  help  plague 
bacteria  become  more  resistant  to  inhibiting  and  therapeutic  preparations. 
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BEHAVIOR  OF  MONO AUXOTROPHIC  MUTANTS  OF  VIBRIO  CHOLERAE  IN  MIXED  CULTURES  WITH 
ORIGINAL  STRAIN 

Moscow  ZHURNAL  MIKROBIOLOGII ,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  pp  109-110 

[Article  by  P.  Ya.  Ognevskiy  (Alma-Ata)] 

[Text]  It  is  well  known  that  under  the  conditions  of  the  external  environment 
under  the  influence  of  various  agents,  diverse  mutations  occur,  including 
mutations  involving  auxotrophy.  The  frequency  of  these  mutations  is  low,  but 
due  to  a  higher  rate  of  multiplication  among  several  types  of  mutants,  they 
have  certain  advantages  in  the  competitive  struggle  for  survival. 

As  a  result  of  these  effects  in  microorganisms,  including  in  strains  of  V. 
cholerae,  there  can  be  changes  in  the  morphology  of  colonies  and  cells, 
biochemical  activity,  antigenic  structure,  nutrient  needs,  and  so  forth.  We 
studied  the  effect  of  auxotrophic  mutants  of  V.  cholerae  on  the  rate  of  growth 
of  the  original  strain  when  they  were  cultured  together. 

In  the  experiment  we  used  a  strain  of  V.  cholerae  of  the  eltor  biotype  and  with 
serotype  Inab  A-473,  and  6  monoauxotrophs ,  obtained  under  the  influence  of 
nitrosoguanidine,  with  varying  nutrient  requirements:  A-473-25-2  is 
histidine-dependent;  A-473-17-1  is  isoleucine-dependent;  A-473-33-3  is 
arginine-dependent;  A-473-56-15  is  leucine-dependent;  A-473-32-11  is 
inosite— dependent;  and  A— 473— 63-16  is  thiamine— dependent. 

We  used  18-20  hour  agar  cultures  of  cholera  vibrions.  The  suspensions  were 
prepared  according  to  the  standard  of  the  Medical  Biological  Preparations 
Control  Institute  imeni  L.  A.  Tarasevich  in  a  physiological  NaCl  solution  with 
a  concentration  of  microbial  cells  of  1  10  per  ml.  For  the  combined  culture 
we  introduced  0.1  ml  of  the  dissolved  suspension  into  5.0  ml  of  minimum  medium 
A  to  which  the  corresponding  amino  acid  had  been  added  in  a  concentration  of 
0.03  pg/ml.  The  concentration  of  microbial  cells  in  the  medium  was  200/ml.  The 
mixed  cultures  were  incubated  at  37°C  and  daily  samples  were  taken  to  calculate 
the  number  of  live  cells  of  the  mutant  and  of  the  original  strain  that  had 
grown  in  Marten's  agar.  Before  colonization  the  broth  cultures  were  diluted 
10-fold  in  a  physiological  NaCl  solution  in  order  to  grow  50-100  isolated 
colonies  on  an  plate  of  agar.  The  cultures  were  incubated  at  37°C  for  18-20 
hours  and  then  using  the  imprint  method  the  colonies  were  transferred  to  dishes 
containing  minimum  medium  A  with  0.1  percent  glucose.  The  results  were 
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computed  after  18-20  hours  of  incubation  by  comparing  the  original  dish  with 
the  cultures  that  had  grown  in  the  minimum  medium.  The  colonies  that  were  not 
grown  in  the  minimum  medium  were  classified  as  auxotrophic  mutants.  The  number 
of  colonies  of  the  original  strain  was  determined  by  finding  the  difference 
between  the  quantity  of  colonies  that  had  grown  in  Marten's  agar  and  in  the 
dish  containing  the  minimum  medium* 

During  the  first  24  hours  of  combined  cultivation  the  number  of  live  cells  of 
histidine-dependent  and  isoleucine-dependent  strain  exceeded  the  number  of 
ffj1!  the  original  strain  by  a  factor  of  50-100  and  totalled  l.l’io'  and 
2  10  microbial  cells/ml,  respectively.  Over  the  course  of  the  observation 
period  (30  days),  the  concentration  of  live  mutant  cells  exceeded  the  number  of 
cells  of  the  original  strain  by  a  significant  amount. 

In  the  combined  cultivation  of  arginine-,  leucine-,  inosite-,  and 
thiamine-dependent  auxotrophs  and  a  protptroph,  after  24 ..hours  of  incubation 
the  number  of  live  mutant  cells  was  2,10:>,  2*lo\  1.8*105,  and  6#10*  microbial 

Th®  concentration  of  cells  of  the  original  strain  was 
2  10  ,  2  10  ,  4  10  ,  and  1.1  10  microbial  cells/ml;  that  is,  the  number  of 
live  mutant  cells  dropped  to  one-one  thousandth,  one-one  hundredth, 
one-twentieth,  and  one-half  of  the  previous  level.  On  the  fourth  day  the  cells 
of  the  leucine-,  inosite-,  and  thiamine-dependent  mutants  died  off  completely. 
After  15  days  the  cells  of  the  arginine-dependent  mutant  died  off  and  there 
were  high  concentrations  of  cells  of  the  original  strain.  In  the  control  test 
tubes  we  planted  mutant  cells  over  the  entire  course  of  the  observation  period. 

The  mutant  cells  died  off  apparently  because  of  an  unidentified  product  of 
metabolism  of  the  cells  of  the  original  strain* 

Thus,  the  rate  of  growth  of  histidine-  and  isoleucine-dependent  auxotrophic 
mutants  of  the  cholera  vibrion  was  significantly  lower  than  that  of  the 
original  strain,  while  the  leucine-,  inosite-,  and  thiamine-dependent  mutants 
tell  behind  the  rate  of  growth  of  the  original  strain  and  it  was  not  possible 
to  isolate  them  on  the  fourth  day  of  incubation. 
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USE  OF  MILK-AND-SALINE  AGAR  TO  OBTAIN  CAPSULES  IN  BACILLUS  ANTHRACIS 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  pp  110-111 

[Article  by  A.  I.  Kalinovskiy,  A.  V.  Rodzikovskiy ,  and  Yu.  I.  Sorkin  (Irkutsk)] 

[Text]  One  of  the  taxonomic  signs  distinguishing  anthrax  agents  from  other 
representatives  of  the  Bacillus  genus  is  the  ability  of  B.  anthracis  to  form  a 
capsule. 

Since  the  study  of  capsule  formation  in  vivo  involves  certain  difficulties,  an 
in  vitro  method  is  used  more  frequently.  With  this  aim  various  elective  media 
are  used,  the  majority  of  which  have  as  a  necessary  component  native  bovine  or 
equine  serum  in  a  relatively  high  concentration  (media  from  the  Medical 
Biological  Preparations  Control  Institute  imeni  L.  A.  Tarasevich,  Lefler  s 
medium,  serum  agar,  and  serum  broth). 

Today  the  study  of  capsule  formation  in  vitro  is  done  in  media  that  contain 
blood,  serum,  egg  albumin,  brain  tissue,  and  bicarbonate  in  the  presence  of 
10-50  percent  CO  at  37 °C.  Torn's  and  Booze's  media  are  used  for  this  purpose. 
All  these  media  are  quite  complicated  to  prepare  and  some  of  them  also  have 
numerous  components. 

The  most  distinct  results  in  capsule  formation  are  obtained  when  strains  of  the 
anthrax  agent  are  cultured  in  a  fluid  or  coagulated  serum  (Lefler' s  medium), 
and  in  a  40  percent  serum  agar.  Obtaining,  storing,  and  using  blood  serum  from 
cattle  or  horse  involves  certain  material  and  technical  difficulties. 

We  have  developed  a  method  for  obtaining  capsules  in  B.  anthracis  in  a  milk  and 
saline  agar. 

The  available  literature  does  not  contain  any  data  on  using  a  milk-and-saline 
agar  to  determine  capsule  formation  in  strains  of  B.  anthracis. 

We  prepared  the  milk  and  saline  agar  according  to  the  generally  accepted  method 
that  involves  adding  5  percent  sterile  milk  treated  with  chloroform  to  a  melted 
and  cooled  3  percent  saline  agar.  We  used  27  virulent  strains  and  2  avirulent 
strains  of  B.  anthracis.  The  virulent  strains  were  isolated  from  humans  and 
animals  in  Siberia  and  the  Far  East.  For  the  avirulent  strains  we  used  the 
STI-1  vaccine  strain  and  the  1-47  strain,  isolated  from  experiments  on  foxes  in 
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the  Tuva  ASSR.  We  also  studied  capsule  formation  in  B.  cereus  var.  mycoides 
412,  B.  anthracoides  365,  B.  subtilis  501,  B.  mesentericus  61,  and  B. 
megaterium  512,  obtained  from  the  All-Union  Collection  of  Microorganisms  and 
Algae.  To  create  optimal  culture  conditions  for  the  strains  we  used  a  CO 
incubator  from  the  "Labomed"  company  (FRG),  in  which  the  prescribed  10  percent 
carbon  dioxide  concentration  and  a  temperature  of  37°C  were  maintained 
automatically.  The  presence  of  capsules  in  the  preparations  was  determined  by 
staining  them  with  Rebiger's  stain  and  Burry's  ink. 

The  results  of  the  research  showed  that  after  18-20  hours  of  incubation,  a 
well-defined  capsule  appeared  in  all  the  virulent  strains,  especially  in  those 
preparations  stained  with  ink.  We  noted  that  in  the  milk  and  saline  agar 
capsulization  in  single  bacilli  and  in  bacilli  linked  in  a  chain  was  expressed 
more  intensively  and  at  earlier  stages  of  incubation  than  when  these  same 
strains  were  grown  in  20  and  40  percent  serum  agar  and  in  whole  equine  serum. 

The  avirulent  strains  of  B.  anthracis  1-47  and  STI-1  and  the  B.  cereus  var. 
mycoide  412,  B.  anthracoides  365,  B.  subtilis  501,  B.  mesentericus  61,  and  B. 
megaterium  512  strains  cultured  in  whole  serum,  serum  agars,  and  the  milk  and 
saline  agar  under  the  same  experimental  conditions  as  the  virulent  strains,  did 
not  form  capsules.  The  observation  period  was  from  18  hours  to  3  days. 

Therefore,  in  order  to  determine  capsule  formation  in  anthrax  agents  in  vitro 
we  can  recommend  a  milk  and  saline  agar.  This  medium  is  more  economical  and 
simpler  to  prepare  than  media  that  are  commonly  used  and  contain  significant 
quantities  of  blood  serum  from  animals. 

COPYRIGHT:  "Zhurnal  mikrobiologii,  epidemiologii  i  immunobiologii",  1983 
9967 

CSO:  8144/0967 


130 


MINIMUM  SYNTHETIC  NUTRIENT  MEDIA  FOR  BRUCELLAE 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  p  112 

[Article  by  D.  N.  Donskoy,  A.  F.  Pinigin,  Ye.  P.  Golubinskiy,  and  S.  P.  Merinov 
(Irkutsk)] 

[Text]  Interest  has  developed  recently  in  clarifying  the  nature  of  the  nutrient 
requirements  of  pathogenic  microorganisms,  including  brucellosis  agents. 

Numerous  variants  of  synthetic  nutrient  media  have  been  suggested  for  growing 
brucellae.  The  most  well-known  modifications  are  those  described  by 
Kondrat'yeva  (1968),  Merinov  et  al.  (1980),  Koser  et  al.  (1941),  McCullough  and 
Dick  (1943),  McCullough  et  al.  (1947),  Gerchardt  and  Wilson  (1948),  Polter 
(1950),  and  Rode  et  al.  (1950).  The  majority  of  synthetic  media  that  have  been 
suggested  were  developed  with  the  aim  of  obtaining  a  high  yield  of  microbes  and 
only  a  few  were  developed  as  minimum  media.  In  addition  to  the  mineral  base, 
the  well-known  minimum  media  contained  a  fairly  large  quantity  of  additional 
growth  factors.  For  example,  the  number  of  amino  acids  in  them  ranged  from  2 
to  6  and  the  number  of  vitamins  from  2  to  5.  The  minimum  nutrient  media  most 
often  contained  the  amino  acids:  1— glutamic  acid,  1— arginine,  1— histidine, 
1-lysine,  d 1-methionine,  1-cysteine,  1-cystine;  and  the  vitamins: 
thiamine-HCl ,  7-nicotinic  acid,  6-pantothenate,  biotin,  and  riboflavin.  When 
developing  the  minimum  media,  large  culture  doses  were  used  as  a  rule  (an 
automatic  dispenser  or  special  plates  were  used  to  plant  the  material). 


Taking  all  this  into  account,  we  tried  to  design  a  minimum  synthetic  nutrient 
medium  that  would  provide  growth  of  brucellae  when  single  microbes  were 
planted.  This  type  of  medium  is  needed  to  obtain  auxotrophic  mutants  and  to 
carry  out  selection  in  other  genetic  research. 

In  designing  the  medium,  we  used  as  a  base  a  saline  composition  that  included 
monosubstituted  potassium  phosphate,  sodium  chloride,  sodium  sulfide,  and 
ammonium  chloride.  We  added  sodium  pyruvate  to  the  medium  to  meet  the  energy 
requirements  of  the  brucellae.  We  initially  added  18  amino  acids  and  10 
vitamins  to  the  medium  as  additional  growth  factors.  By  decreasing  the 
quantity  of  amino  acids  in  the  medium  and  grouping  them  in  various 
combinations,  we  concluded  that  the  brucella  cultures  can  grow  only  if 
methionine  is  present  in  the  medium.  Then  we  successively  removed  the  vitamins 
from  the  medium.  Three  vitamins  turned  out  to  be  essential:  nicotinic  acid. 
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cocarboxylase,  and  biotin.  To  give  density  to  the  medium  we  added  2  percent 
agar  (Difco  s  agar). 

To  test  the  medium  we  used  primarily  reference  strains  of  brucellae  described 

FAOWHO  5!  developed  by  the  Subcommittee  for  the  Taxonomy  of  Brucellae  of  the 

FAO/WHO .  To  place  the  cultures  in  the  medium  we  used  the  pipette  method  for 

i>5an^n8itnnaCte!1fLSU®PenS^0n’  ThG  strains  were  Planted  in  quantities  of 
15,000,  1500,  and  150  microbial  cells.  The  cultures  were  kept  in  a 

thermostatically  controlled  chamber  at  37°C.  The  results  were  evaluated  after 
18  days.  The  experiments  were  repeated  3  times  and  conclusions  were  made  on 
the  basis  of  the  summarized  data. 

The  growth  of  brucella  colonies  appeared  between  the  fourth  and  seventh  days 

Hff-h  afarS-\!!S/  rUlei  the  f0rm  °f  Very  Sma11  (dew- like)  colonies.  On  the 
lfth  and  sixth  days  colonies  formed  that  were  about  1  mm  in  diameter,  and 

between  the  eighth  and  eighteenth  days  they  had  reached  1. 1-2.0  mm  or  larger. 
When  the  planting  doses  were  150  and  1500  microbial  cells,  the  colonies  were 
somewhat  larger  than  when  the  dose  was  15,000. 

To  determine  the  growing  properties  of  the  medium,  we  planted  strains  of 
Brucella  melitensis  16  M,  B.  abortus  544,  and  B.  suis  1330  alongside  the  other* 
strains  in  a  minimum  medium  and  a  rich  (glucose-glycerine  Marten's  agar) 
medium  in  quantities  of  15,  150,  and  1500  microbial  cells.  It  turned  out  that 
the  effectiveness  of  the  growth  of  brucellae  in  the  minimum  medium  was  85 
percent  of  the  control  growth  in  the  rich  medium. 

Thus,  the  results  of  our  study  to  determine  the  nutrient  requirements  of 
brucellae  made  it  possible  to  design  a  minimum  synthetic  nutrient  medium  that 
contains  monosubstituted  potassium  phosphate,  sodium  chloride,  sodium  sulfide 

a™0biotinhl0ride’  S°dlUm  Pyruvate»  methionine,  nicotinic  acid,  cocarboxylase, 
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INCIDENCE  OF  YERSINIOSES  IN  KAZAKHSTAN 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGI I  in  Russian  No  11, 
1983  pp  112-113 

[Article  by  V.  M.  Stepanov,  L.  S.  Bezrukova,  N.  P.  Arkhangel  skaya,  T.  P« 
Kudinova,  S.  N.  Kalimbekov,  T.  I.  Dmitrovskaya,  and  A.  M.  Dmitrovskiy 
(Alma-Ata) ] 

[Text]  In  our  country  a  great  deal  of  attention  is  being  given  to  the  role  of 
yersinioses  in  human  pathology.  In  light  of  the  fact  that  there  is  practically 
no  information  at  all  on  the  incidence  of  yersinioses  in  Kazakhstan,  we  made 
the  first  extensive  survey  of  yersinioses  in  four  oblasts  of  Kazakhstan,  in 
Alma-Ata,  and  in  a  limited  region  of  the  Kara-Kalpak  ASSR. 

A  total  of  2075  humans,  482  agricultural  animals,  and  12,134  rodents  were 
subjected  to  a  bacteriological  examinatin.  We  found  a  significant  incidence  of 
pseudotuberculosis  and  intestinal  yersiniosis. 

After  a  bacteriological  examination.  Yersinia  pseudotuberculosis  was  isolated 
in  8.5  percent  of  the  patients  with  an  unclear  diagnosis,  and  Y.  enterocolitica 
was  isolated  in  9.2  percent  of  the  patients  with  an  unclear  diagnosis.  A 
serological  study  of  the  patients  for  pseudotuberculosis  made  it  possible  to 
diagnose  this  infection  in  17.5  percent  of  those  examined. 

A  study  of  the  characteristics  of  the  course  of  the  diseases  made  it  possible 
to  establish  the  particular  aspects  of  pseudotuberculosis  and  intestinal 
yersiniosis  under  conditions  in  Kazakhstan  and  to  develop  a  classification  of 
clinical  forms  applicable  to  local  conditions,  in  addition  to  a  system  for 
treating  these  illnesses. 

With  the  aim  of  studying  the  long-term  outcome  of  yersinioses,  169  of  the 
patients  we  examined  during  an  acute  stage  were  observed  on  an  out-patient 
basis  for  a  period  between  1  month  and  2  years  following  the  illness.  In  21  of 
them  (12.4  percent)  we  found  Y.  pseudotuberculosis  and  Y.  enterocolitica.  The 
agent  was  isolated  from  12  individuals  who  had  had  pseudotuberculosis  (14.2 
percent)  and  from  9  who  had  had  intestinal  yersinosis  (10.6  percent).  We  found 
antibodies  in  diagnostic  titers  (from  1:320  to  1:2500)  in  11  of  the  people  who 
had  had  pseudotuberculosis  (13.1  percent)  and  in  6  who  had  had  intestinal 
yersinosis  (7.1  percent). 
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l?t£ilrdrd  th®  el!tent  «  »h-h  dysbact.riosU  L  ivide^r”"1‘heaC£"ia 

to  prolonged  * o^SfcT5 * S  the' Organism!  faCt°rS  ****  COntributes 

£^Ss^c3S^:^;^^°L^srw??hA1“^,:*  r  found.a  high  levei  of 

infected  with  intestinal  yersiniosis).  otuberculosis  and  9  percent  were 

Among  wild  rodents  (primarily  large  peschankas)  1  7  „  ,  . 

Mangyshlak  Oblast  were  infected  with  nll^  K  ’  \  percent  of  those  studied  in 

those  studied  in  Kara-Kalpak Issl  ^rl  J^rCVlosxs  and  °*8  Percent  of 

other  oblasts  we  did  not  f!nd  t  •  XnJeCte/  Ylth  Paeudotuberculosis.  In 

did  find  animals  with  specific  antihod^^^  ?jth  Pseudotuberculosis ,  but  we 

areas  they  accounted  for  0.2  to  1  percent  of  the^ni^r”  °blaStl  in  various 

1  Percent  ot  the  animals  we  examined. 

yersiniosis  is  more  widespread  among  rodents  than 

pseudotuberculosis:  it  was  found  everywhere  that-  aid 

infection.  everywnere  that  we  did  research  on  the 


°f  io  the  sa„e 


for”ing  - 
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FINDING  ANTIGENS  OF  FRANCISELLA  TULARENSIS  USING  IMMUNO-ENZYME  METHOD 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 

1983  pp  114-115 

[Article  by  V.  M.  Polyachenko,  S.  P.  Merinov,  Ye.  P.  Golubinskiy,  N.  Zh. 

Gracheva,  A.  M.  Kokha,  and  L.  V.  Merinova  (Irkutsk)] 

[Text]  Today  the  immuno-enzyme  method  (ELISA)  [enzyme-linked  immunosorbent  assay] 
is  playing  an  increasingly  important  role  in  the  diagnosis  of  both  infectious 
and  noninfectious  diseases.  In  infection  pathology  it  is  used  primarily  to 
find  specific  antibodies  and  less  frequently,  to  identify  certain  bacterial 
antigens,  such  as  those  of  the  plague  microbe,  cholera  vibrion,  salmonellae, 
and  staphylococcus.  The  advantages  of  this  method  include  a  high  degree  of 
sensitivity  (usually  higher  than  the  sensitivity  of  the  classical  immunological 
reactions,  such  as  the  agglutination  reactions,  the  indirect  hemagglutination 
reaction,  etc.),  specificity,  rapid  identification,  and  ease  of  performance. 

The  immuno-enzyme  method  to  determine  the  titer  of  specific  antibodies  in  serum 
taken  from  people  who  have  had  tularemia  and  in  serum  from  animals  who  have 
been  infected  experimentally  with  F.  tularensis,  was  first  proposed  by  Carlson 
et  al.  (1979).  The  available  literature  does  not  contain  any  data  on  the 
application  of  this  method  to  determine  antigens  of  the  tularemia  microbe.  At 
the  same  time,  the  development  of  a  rapid,  highly  sensitive  and  specific  method 
for  identifying  the  tularemia  antigen  is  of  great  interest  from  the  standpoint 
of  doing  epizootological  research  on  tularemia. 

N.  G.  Olsuf'yev  (1975)  reported  that  the  neutralization  reaction  of  antibodies 
with  an  antigenic  erythrocytic  diagnostic  test,  used  to  study  material  from 
corpses,  rodents  nests,  and  bird  droppings,  makes  it  possible  to  find  the 
tularemia  microbe  when  its  concentration  is  1  million  per  1  ml  (according  to 
the  standard  set  by  the  Medical  Biological  Preparations  Control  Institute  imeni 
L.  A.  Tarasevich);  and  the  passive  hemagglutination  reaction  with  an  antibody 
erythrocytic  diagnostic  test  makes  it  possible  to  find  the  tularemia  antigen 
obtained  by  Bouaven's  method,  in  units  as  small  as  one— ten  thousandth  of  a 
microgram. 

We  have  developed  a  variation  of  the  immuno-enzyme  method  for  a  quantitative 
determination  of  the  tularemia  antigen.  The  reaction  was  set  up  in  disposable 
polystyrene  microplanchets  produced  at  the  Leningrad  Medical  Polymers  Plant. 

To  sensitize  the  alveoli  we  used  immunoglobulin  fractions  obtained  from 
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TncM*Cial<'f?Uln*  antrtularemia  sera  produced  at  the  Irkutsk  Antiplague 
nstitute  (the  titer  in  the  agglutination  reaction  was  1:3200  and  in  the 

hemagglutination  reaction  it  was  1:500,000).  The  immunoglobulins  were 

acid  or  by.me^s1of  ^ctionation  of  the  sera  using  ammonium  sulfate,  caprylic 
acid,  or  polyethylene  glycol-6000.  For  the  tularemia  antigen  we  used  a 
water-soluble  lipopolysaccharide  obtained  from  the  vaccine  strain  of  F. 

(1952)nSand  whiL  7  ”®an%of,  the  method  described  by  Westphal  and  Liideri^tz 
(1952),  and  whole  cells  of  the  same  strain,  killed  by  a  1  percent  formalin 

solution.  Conjugates  of  the  immunoglobulin  fraction  from  equine  anti-tularemia 

arrn  T  h  *>er0*ldase  from  horseradish  (the  "Serva"  company,  FRG)  were  prepared 
according  to  the  method  described  by  Nakane  (1974).  ^  ^ 

As  a  result  of  the  preliminary  experiments  for  setting  up  the  reaction  we 

ODtima?  sandY*?h  modification  of  the  immuno-enzyme  method.  To  select  the 
optimal  conditions  for  carrying  out  the  reaction,  we  sensitized  the  alveoli  of 

20eto1100P  an^et  Wltl?  lmmun°8lobulin  factions  in  concentrations  ranging  from 
20  to  100  pg  of  protein  per  1  ml  in  a  0.05  M  carbonate  buffer  with  a  pH  of  9  6 
The  sensitization  period  varied  from  30  minutes  to  3  hours  at  37°C  and  from  1 
to  18  hours  at  room  temperature.  With  the  same  goal  we  brought  the 
lipopolysaccharide  or  whole  cells  of  the  tularemia  microbe  in  contact  with 
treated^  alv®?^  for  1 . to  3  hours  at  room  temperature  and  at  37°C.  We 
conjugate  forni-2lours'lgen  C°mPleX  ^  ^oglobu! in-peroxidase 

Finally,  we  selected  the  following  course  for  determining  F.  tularensis 

(SOufof'n  ^e.micr°Pjanahef  alveoli  were  first  sensitized  by  immunoglobulins 
(50pg  of  protein  per  1  ml,  for  1  hour  at  37»C),  then  thoroughly  rinsed  with  a 
u  ered  physiological  solution  (a  0.85  percent  NaCl  solution  with  a  0  15  M 
phosphate  buffer  and  a  pH  of  7.4)  that  contained  0.05  percent  ^een-20  and  0  1 

ofriinonnrine  albumin’  they  were  ^  dried  and  then  filled  with  100  pi 

37"C  The^ontro?1  1  or  “hole  cells  in  varying  concentrations  and  incubated  at 

fL  SthTpS  of  9  I?  Stal?'  °nl\a  dilutins  <°-05  M  carbonate 

f“  '  L  ,  3  f.  °f  r6>-  .The  antigens  that  did  not  form  complexes  were  washed 
from  the  alveoli  3  times  with  a  buffered  physiological  solution-  then  each 

0  r>MUY'aS>,  t  Kd«ith  1°°  vl  of  the  immuno-peroxidase  conjugate  diluted  in  a 
Us  workJ^I  ■  ‘  7  rith  3  PH  °£  7'4  “P  t0  3  concentration^cor responding0 to 

Its  working  titer,  and  they  were  then  incubated  for  1  hour  at  37°C.  After  t 
thorough  rinsing,  100  pi  of  a  0.01  percent  solution  of  o-phenylendlamine 

evaluat'd®  ?'03*ercent  H2°2  was  introduced  into  the  alveoli.  The  results  were 
20-9S  ^  ™8ually  °n  the  basis  of  a  brown  or  orange  stain  developing  after  a 

5  minute  exposure  and  interrupting  the  reaction  with  8  n.  H  SO  under  the 
condition  that  there  was  no  staining  in  the  control  alveoli.  2  4’ 

If  one  does  not  take  into  account  the  time  spent  on  sensitizing  the 

reactii^t  utS’  Mn  h&  d°ne  ahead  of  time>  settinS  “P  and  evaluating  the 

reaction  takes  on  the  average  no  longer  than  3  hours. 

As  a  result  of  the  experiments  we  performed,  we  established  that  the 
concentrations  of  the  tularemia  microbe  lipopolysaccharide  found  consistently 

vL!t/,1',,n:  th^whoie  ceiis  °f  f-  ^uccnsis^ Sound  l 

concentrations  of  6  10  per  1  ml.  This  sensitivity  does  not  exceed  the 
sensitivity  obtained  m  ordinary  hemagglutination  reactions.  We  still  believe, 


however,  that  further  improvements  in  the  immuno-enzyme  method  in  the  direction 
of  finding  more  active  immunosorbents  and  obtaining  purer  and  specifically 
active  immunoglobulin  preparations,  highly  active  immuno-enzyme  conjugates, 
optimization  of  the  reaction  conditions,  and  so  forth,  will  make  it  possible  to 
increase  markedly  the  sensitivity  of  determining  antigens  of  the  tularemia 
microbe. 
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S~mACIIVm  °F  PLAGUE  VACCI"E  SIRAINS  45  ™>wct  indicator  of 

m3°pp“6MIKROBIOL°GI1'  I  IMMUNOBIOLOGII  in  Russian  Ho  n> 

[Article  by  A.  I.  Tinker,  L.  I.  Zarevina,  and  N.  M.  Khar'kova  (Stavropol)] 

[Text]  It  is  known  that  some  properties  nf  Hid 

sSpi1 rstit ihL  =  setve 

and  relatively  costly.  We  were  interest-  H  u*  °r  xr}tens*ve  >  time-consuming, 
biochemical  tests  to  Evaluate  the  ?  ;n.the  P°ssibili')'  of  using 

et  «1.  (1976)  repor«d  rtat  the  K-Ht^?enls‘^  “«!■>•.  Khar'kova 

level  of  dehydrogenase  IctivUv  „  the  pIa*ue  ”,icr»be  »ad  ‘  higher 

that  it  is  aLo  more  IJ°“ge*L  5rB^*  a  nlvr,nn  Strain’  “  ‘S  ”el1 
noted  that  plague  vaccines  uith  a  hifh  d!  8  i  .Droz°vskai,a  et  »1.  0977) 
oxidative  metabolism.  The  authors  i  a-  a^u  °f  amnmn08enlclty  have  active 
chloride-reductase  activVtv^r  s  6d  the  triPhonyltetrasolium 

We  set  ourselves  the  task  of  study B,etabolites .  »f  the  Krebs  cycle. 
full-str^noH,  .  studying  the  dehydrogenase  activity  of 

antigenic  structure^  andCwithSreJultingdyariat"S  W1*h  Yarious  defects  in  their 

suiting  variations  in  immunogenicity. 

In  the  experiments  we  used  the  K-l,  EV,  EVFI-  and  nttan'c  i 

strains.  The  K-l  and  EV  strain*  ara  ,  1  .and  Otten  s  plague  vaccine 

strain  is  missing  faction I  and' C°?plete  «  ^tigenic  terms;  the  EVFI- 

The  results  of  our  additional  research"  h  18  missinS  the  VW-antigens. 

EVFI-  and  Onmn'I  oh  research  showed  that  the  toxigenicity  of  the 

hundredth  that  of  the^K-l  Ind  E^trains!^  °ne“three  hundredth  to  one-four 

IctiSt1rirguL%daipig^anedP:LirntA<liffde-ed  "  termS  °f  th6ir  Oogenic 

studying  the  in^ensiJv  o?  fj!  ;  A“°Tdln8  to  the  d*ta  we  obtained  in 
intra 

culture  «cordi“g  t^h^e^n  infe^ion  by  a  virulent  plague  microbe 
most  immunogenic  in  guinea  pigs-  th^EV^t*1  ”et£°ds’  fc^e  K_1  strain  was  the 
immunogenicity,  witAtt^ 


mice  the  immunogenic ity  of  the  K-l  and  EV  strains  was  identical;  Otten's  strain 
was  mildly  immunogenic  and  the  EVFI-  strain  was  practically  nonimmunogenic. 

We  determined  the  dehydrogenase  activity  according  to  the  method  described  by 
Kuna  and  Abood  (1949)  as  modified  by  Mironova  and  Merinov  (1972).  For 
substrates  we  used  20  different  amino  acids:  dl-aspartic  acid,  L-arginine, 
1-asparagine,  dl-alanine,  dl-valine,  glycine,  1-glutamic  acid,  1-histidine, 
1-glutamine,  1-isoleucine,  dl-leucine,  dl-lysine,  dl-methionine,  1-ornithine, 
1-proline,  dl-serine,  dl-threonine,  dl-citrulline,  1-cystine,  and 
d!-6-pheny 1-L-a lanine .  The  incubation  mixture  was  kept  in  1  ml  of  a  20  billion 
suspension  of  bacteria  grown  at  28°  in  Hottinger's  agar  for  48  hours  and  rinsed 
3  times  from  the  nutrient  medium  with  a  refrigerated  physiological  solution  of 
sodium  chloride.  We  determined  the  extent  of  dehydrogenase  activity  on  the 
basis  of  optic  density.  The  experiments  were  repeated  10  times  and  the  results 
were  analyzed  using  variant  statistics* 

The  results  of  the  experiments  showed  that  all  the  strains  studied  ^ 
dehydrogenated  the  amino  acids  used  in  the  experiments.  The  intensity  of. 
dehydrogenation  of  the  amino  acids  can  be  divided  into  3  groups.  In  the  first 
group  the  extinction  indicator  did  not  exceed  0.05;  in  the  second  group  it 
ranged  from  0.06  to  0.15;  and  in  the  third  group  it  was  between  0.16  and  0.25. 
For  the  K-l  strain,  there  were  14  amino  acids  in  the  second  group  and  5  in  the 
third  group  (1-glutamic  acid,  dl-ornithine,  1-glutamine,  dl-serine,  and 
dl-threonine).  For  the  EV  strain,  there  was  1  amino  acid  in  the  first  group; 

15  amino  acids  in  the  second  group;  and  3  amino  acids  in  the  third  group 
(1-glutamic  acid,  dl-serine,  and  1-isoleucine).  A  diametrically  opposite 
distribution  of  the  intensity  of  dehydrogenation  is  observed  when  the  EVFI-  and 
Otten's  strains  are  used.  For  the  EVFI-  strain  there  are  12  ammo  acids  in  the 
first  group;  6  in  the  second  group;  and  2  in  the  third  group  (1-glutamic  aci 
and  dl-serine).  For  Otten's  strain  there  are  14  amino  acids  in  the  first  group 
and  5  in  the  second  group.  Consequently,  there  is  a  difference  in  the 
dehydrogenation  of  amino  acids  in  the  strains  we  studied.  According  to  our 
evaluation  of  the  intensity  of  dehydrogenation  of  the  substrates,  the  strains 
can  be  arranged  in  the  following  order:  K-l,  EV,  EVFI-,  and  Otten  s  strain. 

The  K-l  EV  and  EVFI-  strains  were  the  most  active  in  dehydrogenating  6  amino 
acids.  *0f  these,  2  amino  acids  (1-glutamic  acid  and  dl-serine)  were  common  to 
all  the  strains.  These  amino  acids,  however,  are  not  among  those  that  are 
essential  for  the  growth  of  these  strains  in  synthetic  media. 

An  analysis  of  the  intensity  of  dehydrogenation  of  the  given  substrates  by  the 
strains  being  studied  showed  that  the  K-l  strain  breaks  down  4  amino  acids 
(glycine,  ornithine,  citrulline,  and  leucine)  to  a  significantly  greater  d®8r®® 
than  does  the  EV  strain.  Similar  results  were  obtained  when  we  compared  the  EV 
strain  with  the  EVFI-  and  Otten's  strains. 

Thus,  we  found  a  correlation  beteen  the  immunogenic ity  of  plague  vaccine 
strains  and  their  dehydrogenase  activity  on  amino  acids.  Strains  that  were 
complete  in  antigenic  terms  and  highly  immunogenic  had  the  highest  degree  of 
dehydrogenase  activity  on  amino  acids.  Strains  that  were  defective  in  terms  of 
a  number  of  antigens  (fraction  I,  VW,  toxin)  and  had  a  lower  level  of 
immunogenic ity  in  guinea  pigs  and  white  mice,  had  a  level  of  enzymatic  activity 
on  amino  acids  that  was  considerably  lower. 
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USING  ENZYME-MARKED  ANTIBODY  REACTION  IN  EPIZOOTOLOGICAL  SURVEYS  OF  NATURAL 
PLAGUE  NIDI 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  pp  116-117 

[Article  by  V.  N.  Zhuravlev,  A.  T.  Yakovlev,  V.  S.  Rybkin,  L.  F.  Zykin,  I.  I. 
Cherchenko,  V.  S.  Burkin,  L.  S.  Petrova,  and  F.  Kh.  Ibragimov  (Astrakhan, 
Volgograd) ] 

[Text]  Today  the  indirect  hemagglutination  reaction  is  used  widely  in 
epizootological  surveys  of  natural  plague  nidi;  it  is  used  to  determine  a 
type-specific  antigen  of  the  plague  microbe  in  various  objects  and  to  find 
antibodies  in  susceptible  animals  (Stepanov  et  al.,  1967;  Kanatov,  1969;  Marin 
et  al.,  1978;  etc.)  However,  the  indirect  hemagglutination  reaction  and  its 
modifications  are  less  sensitive  than  bacteriological  and  biological  methods 
and  the  commercial  erythrocytic  diagnostic  tests  are  not  able  to  detect 
atypical  (uncapsulated)  strains  of  the  plague  microbe  (Klassovskiy,  1975; 
Kuznetsov  et  al.,  1979).  Therefore,  the  effectiveness  of  epizootological 
surveys  of  natural  plague  nidi  can  be  increased  only  by  introducing  new,  highly 
sensitive  serological  diagnostic  methods,  such  as  the  enzyme-marked  antibody 
reaction. 


The  present  paper  contains  material  on  using  the  enzyme-marked  antibody 
reaction  to  find  antigens  of  the  plague  agent  in  various  objects  of 
epizootological  surveys  of  natural  nidi. 

The  enzyme-marked  antibody  reaction  was  set  up  in  a  "double  antibody"  variation 
of  the  method  described  by  Voller  et  al.  (1976),  which  we  modified;  we  used 
polystyrene  planchets  produced  by  the  Leningrad  Medical  Polymers  Plant.  In  the 
reaction  we  used  immuno-peroxidase  conjugates  prepared  according  to  the  2-stage 
method  described  by  Avrameas  et  al.  (1978).  The  indirect  hemagglutination 
reaction  with  a  commercial  plague  immunoglobulin  diagnostic  test  served  as  the 
control. 


In  the  first  stage  we  studied  the  sensitivity  of  the  enzyme-marked  antibody 
reaction  and  evaluated  it  using  different  strains  and  antigens  of  the  plague 
microbe.  We  established  that  the  conjugates  obtained  expose  in  the  reaction 
0.5  ng  of  fraction  I  per  1  ml  or  7.5*10  cells  of  Yersinia  pestis  per  1  ml. 
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With  the  aim  of  studying  the  possibility  of  using  the  enzyme-marked  antibody 
reaction  in  research  on  wild  rodents,  the  primary  carriers  of  plague  in  the 
Volga-Ural  steppe  and  in  sandy  nidi,  we  examined  374  small  gophers,  diurnal  and 
crested  peschankas,  artificially  infected  with  virulent  strains  of  Y.  pestis. 

In  a  bacteriological  examination  of  suspensions  of  their  internal  organs,  we 
found  the  plague  agent  in  60.7  percent  of  the  samples.  With  the  enzyme-barked 
antibody  reaction  we  found  antigens  of  the  plague  microbe  in  47.9  percent  and 
with  the  indirect  hemagglutination  reaction,  we  found  the  plague  microbe  in 
39.6  percent  of  the  suspensions.  In  31  suspensions  that  gave  a  positive 
bacteriological  result,  antigens  of  the  plague  microbe  were  found  only  in  the 
enzyme-marked  antibody  reaction  and  not  in  the  indirect  hemagglutination 
reaction. 

In  an  examination  under  field  conditions  of  material  from  12  biological  test 
animals  that  died,  the  carcasses  of  7  wild  rodents,  3  camels,  and  15  group 
suspensions  of  ectoparasistes,  cultures  of  the  plague  microbe  were  isolated 
from  9  of  the  biological  test  animals  and  from  1  steppe  lemming.  In  8  of  the 
suspensions  of  internal  organs  of  the  biological  test  animals  and  in  the 
suspension  taken  from  the  steppe  lemming,  antigens  of  the  plague  microbe  were 
found  in  the  enzyme-marked  antibody  reaction  and  in  the  indirect 
hemagglutination  reaction. 

Thus,  the  enzyme-marked  antibody  reaction  is  more  sensitive  than  the  indirect 

hemagglutination  reaction  and  can  be  used  in  epizootological  surveys  of  natural 
plague  nidi. 
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EVALUATING  POSSIBILITY  OF  INCREASING  IMMUNOGENIC ITY  OF  EV  STRAIN  USING  INDUCED 
MUTATIONS  METHOD 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  p  118 

[Article  by  0.  Ya.  Aymanova  (Alma-Ata)] 

[Text]  The  search  for  an  effective  vaccine  against  plague  is  still  an  urgent 
task. 

In  addition  to  obtaining  new  vaccine  strains,  there  is  another  path  toward 
achieving  this  goal  that  can  be  pursued — increasing  the  immunogenic ity  of 
existing  vaccines. 

We  have  obtained  a  large  group  of  auxotrophic  mutants  from  the  EV  vaccine 
strain  using  the  method  proposed  earlier  that  utilizes  the  effect  of 
nitrosoguanidine  (Stepanov  and  Kondrat'yeva,  1974).  In  terms  of  their 
microbiological  properties  these  mutants  did  not  differ  from  the  original 
strain  used  to  produce  the  live  plague  vaccine.  To  study  their  immunogenic ity, 
we  chose  1  mutant  for  each  experiment  that  was  dependent  on  arginine,  on 
arginine  and  glutamic  acid,  and  on  proline  and  glycine. 

The  immunogenic  properties  of  the  mutants  were  studied  in  accordance  with  the 
criteria  for  selecting  plague  microbe  vaccine  strains  (Saratov,  1974).  The 
minimum  immunizing  dose  was  determined  in  experiments  on  white  mice2and  guinea 
pigs.  The. guinea  pigs  were  immunized  subcutaneously  in  doses  of  10  ,  5*10  , 
and  2.5*10^  microbial  cells  from  a  48-hour  culture  of  the  original  strain  and 
mutants,  with  5  animals  per  dose.  White  mice  were  immunized  with  the  following 
doses:  5*10  ,  2.5*10  ,  1.25*10  ,  6.25*10  microbial  cells,  with  10  animals  per 
dose.  After  21  days,  during  which  no  death  among  the  experimental  animals  was 
noted,  a  control  infection  was  applied  using  200  Del  of  the  virulent  standard 
strain  Yersinia  pestis  231. 

The  immunogenic ity  of  the  orginal  strain  and  the  mutants  was  described  by  the 
ED-n  value.  For  the  original  strain  this  value  was  426  microbial  cells  for 
guinea  pigs  and  17,780  microbial  cells  for  white  mice. 

A  necessary  condition  for  the  immunogenic ity  of  the  original  strain  is  its 
ability  to  take  hold  and  multiply  in  the  organism's  tissues,  which  is  called 
residual  virulence  (Korobkova,  1956). 
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an/n!!  h*  ?  and  ra*e  of.the  microbes'  spread  throughout  the  organs 

8umea  pigs  were  immunized  subcutaneously  in  doses  of  10  ,  5*10^ 

10  ,  2  10  ,  and  15  10  microbial  cells,  with  30  animals  per  dose.  Then  3 

of 'tihe Cultures ^  kiUed  **  3*  5*  and  30  dayS  followin8  the  introduction 


The  data  we  obtained  showed  that  the  arginine-dependent  mutants  of  the  EV 

strein  had  the  highest  rate  of  survival;  this  apparently  explains  the 

significantly  higher  immunogenigity  of  this  mutant  compared  to  the  original  EV 

lhT&wt’  /  5  Jlgh  doses  (15  10  microbial  cells)  the  mutant  penetrated  into 
tne  blood  and  bone  marrow* 


The  results  we  obtained  allow  us  to  believe  that  there  are  many  prospects  for 
further,  in  depth  research  on  the  immunogenic ity  and  harmlessness  of  arginine- 
and  glutamine-dependent  mutants  of  the  EV  strain.  6 
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AUTOANTIBODY  FORMATION  IN  BRUCELLOSIS 

Moscow  ZHURNAL  MIKROBIOLOGlI,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11, 
1983  pp  118-119 

[Article  by  N.  I.  Tikhenko,  I.  F.  Taran,  and  M.  N.  Nurmagomedov  (Stavropol)] 

[Text]  Allergic  reactions  to  microorganisms  and  various  antibodies  play  a 
significant  role  in  the  pathogenesis  of  brucellosis.  It  has  been  established 
that  in  brucellosis  (Tatishvili,  1969;  Musabayev,  Nikolayev,  Nazarmukhamedov, 
1973;  Tikhenko  and  Taran,  1978;  etc.)  and  in  other  diseases  (Borisov,  1966; 
Saidov,  1971;  Shanina  and  Dal 1 vadyants ,  1978),  processes  of  autosensitization 
with  the  formation  of  the  corresponding  autoantibodies  are  of  definite 
pathogenic  importance.  The  existence  of  autoantibodies  and  their  involvement 
in  the  disease  make  it  necessary  to  explain  processes  such  as  the  degree  of 
participation  of  autoantibodies  in  the  pathological  process  and  their  role  in 
the  formation  of  central  and  other  lesions  in  organs  and  tissues. 

In  animals  infected  with  Brucella  abortus  544,  B.  melitensis  565,  and  B.  suis 
1330,  the  titers  of  autoantibodies  were  significantly  higher  than  in  healthy 
animals  over  the  course  of  6  months  following  the  infection.  In  animals 
infected  by  an  agent  of  cattle  brucellosis,  the  titers  of  autoantibodies  were 
lower  than  in  animals  infected  with  an  agent  of  brucellosis  from  sheep,  goats, 
and  pigs.  In  all  the  animals  infected  with  a  brucellosis  agent,  the  highest 
titers  of  autoantibodies  were  against  antigens  from  the  spleen  and  lymph  nodes 
The  titers  of  autoantibodies  against  antigens  from  the  liver  and  heart  were 
significantly  lower.  The  maximum  titers  of  antibodies  were  reached  30  days 
after  the  infection,  followed  by  a  gradual  decline;  the  highest  titers  of 
autoantibodies  were  recorded  after  2-2.5  months.  The  drop  in  the  titers  of 
autoantibodies  was  less  marked  than  that  seen  in  the  titers  of  specific 
antibodies. 

In  animals  infected  with  brucellosis  agents  from  sheep,  goats,  and  especially 
pigs,  the  titers  of  autoantibodies  against  antigens  from  the  spleen  and  lymph 
nodes  were  significantly  higher  than  those  seen  in  animals  infected  with  B. 
abortus.  Significant  differences  were  seen  as  early  as  the  fifteenth  day  in 
autoantibodies  against  the  spleen  antigen.  After  2.5-3  months  the  titers  of 
autoantibodies  in  guinea  pigs  infected  with  B.  abortus  did  not  differ 
substantially  from  the  titers  found  in  guinea  pigs  infected  with  B.  melitensis 
In  animals  infected  with  B.  suis  1330,  after  120  days  the  titers  of 
autoantibodies  were  significantly  higher  than  in  those  animals  infected  with  B 


abortus.  A  similar  pattern  of  autoantibody  formation,  although  less 
pronounced,  was  seen  in  the  formation  of  autoantibodies  against  lymph  node 
antigens. 


The  most  marked  responses  to  Burne's  intracutaneous  allergic  test  in  all  the 
groups  of  animals  were  seen  60-75  days  following  infection.  In  animals 
infected  with  B.  abortus  the  average  area  of  infiltration  when  the  brucellosis 
was  introduced  was  2x2  cm;  in  the  animals  infected  with  B.  melitensis  and  B. 
suis,  the  average  area  was  between  3  x  3  cm  and  3  x  4  cm.  In  the  later  stages 
of  the  reaction  to  the  allergen,  the  area  decreased  somewhat.  The  most  marked 
allergic  response  in  the  organisms  of  infected  animals  was  accompanied  by 
intensive  formation  of  autoantibodies. 

It  is  known  that  in  guinea  pigs  the  greatest  generalization  of  the  infection 
process  occurs  by  the  end  of  the  first  month  following  infection.  This 
generalization  is  accompanied  by  the  most  pronounced  injury  caused  by  the  agent 
and  its  endotoxin  on  the  cells  and  tissues  of  the  organism.  This  is  confirmed 
by  the  appearance  of  granules  and  areas  of  necrosis  in  various  organs  and 
tissues  in  the  presence  of  a  brucellosis  infection  (Taran,  1967).  Naturally, 
cellular  and  humoral  defense  mechanisms  are  activated  in  this  case  in  the  form 
of  accumulation  of  autoantibodies,  the  development  of  a  pronounced  macrophage 
reaction,  and  sensitization  of  the  organism.  Correlations  between  the  activity 
of  autoantibody  formation  and  an  increase  in  the  organism's  sensitivity  status 
indicate  that  there  is  a  tie  between  autoimmune  processes  and  allergic 
development  in  the  organism,  which  also  probably  determines  pathogenic 
characteristics  of  the  brucellosis  infection.  At  various  stages  of  development 
of  the  pathological  process,  it  is  possible  for  the  autoantibodies  to  cause 
injury,  that  is,  they  can  participate  in  the  development  of  the  pathological 
process.  It  is  known  that  a  number  of  investigators  (Berezhnaya,  1967;  Movet, 
1975;  Shevelev,  1978;  etc.)  succeeded  in  reproducing  various  pathological 
states  using  cytotoxic  sera  and  several  other  methods  to  induce  autoimmune 
responses. 
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USING  CHICKEN  YOLK  TO  STUDY  IMMUNOGENICITY  OF  CHOLERA  VACCINES 

Moscow  ZHURNAL  MIKROBIOLOGII,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11 
1983  pp  119-120  ’ 

[Article  by  E.  S.  Karetnikova,  S.  N.  Barakhovskaya,  and  V.  L.  Chugay  (Irkutsk)] 

[Text]  Due  to  the  lack  of  an  experimental  model  for  testing  the  protective 
activity  of  cholera  vaccines,  usually  the  sensitivity  of  experimental  animals 
to  the  infection  is  artificially  increased.  Recommendations  have  been  made  to 
use  chicken  yolk,  mucin,  or  ferrous  ammonium  citrate  for  this  purpose 
(Yefremova  and  Kolesnik,  1962;  Karayeva  et  al.,  1976;  Feeley  and  Pittman,  1965; 
Ford  and  Hayhoc  (1976). 

Of  the  preparations  that  have  been  suggested,  the  most  widely  used  is 
commercial  mucin  made  in  the  United  States  and  England,  as  well  as  mucin 
prepared  in  laboratories.  It  is  somewhat  difficult  to  obtain  commercial  mucin, 
and  furthermore,  it  is  not  always  sufficiently  active.  When  preparing  mucin 
under  laboratory  conditions,  small  series  of  the  preparation  are  obtained  that 
lack  standardized  activity. 


Yefremova  and  Kolesnik  developed  a  process  for  increasing  the  sensitivity  of 
animals  to  cholera  infection  by  introducing  a  culture  with  chicken  yolk,  but  no 
methods  have  been  worked  out  that  can  be  used  in  the  contemporary  testing  of 
the  protective  activity  of  cholera  vaccines  (the  testing  method  described  by 
Feeley  and  Pittman). 


We  attempted  to  study  the  possibility  of  replacing  mucin  with  chicken  yolk  in 
testing  the  defense  activity  of  cholera  corpuscular  vaccine  and 
cholerogen-ana toxin. 

We  used  infectious  and  industrial  strains  of  cholera  v.  eltor  (P-3122  M-879 

P-3116,  and  M-878). 


We  tested  the  virulence  of  these  cultures  and  the  protective  activity  of  the 
cholera  vaccines  according  to  the  methods  recommended  in  the  technical 
specifications  for  the  cholera  corpuscular  vaccine  and  the  cholerogen— anatoxin 
(regulation  No  115-78,  TU  42.14  No  61-78,  regulation  No  34-75,  TU  42.14  37-75); 
we  used  mixed  breed  white  mice  weighing  16-18  g  and  10-12  g.  The  virulence  of* 
the  vibrions  was  judged  on  the  basis  of  the  LD  value.  The  protective 
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activity  of  the  cholera  vaccines  was  evaluated  on  the  basis  of  the  ED  value 
and  the  antigenicity  coefficient.  50 

We  determined  the  virulence  of  the  cholera  vibrions  when  chicken  yolk  was  used 
in  experiments  that  were  repeated  numerous  times.  In  each  experiment  as  a 
control  we  infected  the  same  number  of  animals  with  a  culture  suspended  in 
mucin  or  in  an  isotonic  NaCl  solution.  Animals  in  two  groups  (10  mice  in  each) 
were  given  either  yolk  or  mucin  without  any  of  the  culture. 

The  protective  activity  was  studied  for  3  series  of  corpuscular  cholera  vaccine 
and  10  series  of  cholerogen-anatoxin.  The  protective  activity  of  commercial 
cholera  vaccine  was  tested  in  parallel  with  a  study  of  a  national  reference 
preparation. 


In  the  experiments  we  used  a  3— hour  agar  culture  of  cholera  vibrions,  from 
which  we  prepared  2-fold  dilutions  in  an  isotonic  NaCl  solution;  then  from  the 
dilutions  we  took  0.05  ml  of  the  culture  and  placed  it  in  0.45  ml  suspensions 
of  yolk,  mucin,  and  an  isotonic  NaCl  solution.  To  determine  the  LD  value  we 
used  6  groups  of  animals  (5  animals  in  each  group)  and  introduced  the  culture 
in  doses  ranging  from  94  to  3000  microbial  cells. 

We  prepared  the  yolk  immediately  before  performing  the  experiments  or  we  used 
freeze-dried  preparations.  Following  aseptic  procedures,  we  separated  the 
native  yolk  from  the  white  and  suspended  it  in  7  ml  of  an  isotonic  NaCl 
solution.  We  determined  the  pH  of  the  yolk  suspension  (it  was  usually  6.5)  and 
brought  it  to  8.0  by  adding  a  20  percent  NaOH  solution.  After  this  the  yolk 
suspension  was  filtered  through  sterile  gauze  and  was  then  used  for  the 
infection.  This  same  suspension  was  dried  using  a  sublimation  method. 

In  the  experiments  we  also  used  a  5  percent  suspension  of  mucin,  consisting  of 
equal  quantities  of  the  American  and  English  commercial  preparations. 

These  tests  established  an  increase  in  the  sensitivity  of  white  mice  to 
infection  with  a  culture  of  cholera  vibrion  suspended  in  chicken  yolk.  When 
the  mice  were  given  a  suspension  of  vibrions  in  an  isotonic  NaCl  solution  in 
doses  ranging  from  94  to  3000  microbial  cells,  as  a  rule  none  of  the  animals 
died.  Infecting  white  mice  with  cultures  containing  the  same  doses  of  vibrions 
suspended  in  mucin  and  chicken  yolk  resulted  in  the  death  of  a  significant 
number  of  experimental  animals:  the  LD^q  value  when  mucin  was  used  was 
11.1+5.5,  and  when  native  chicken  yolk  with  a  pH  of  8.0  was  used,  the  LD  was 
20.1+10.1.  When  we  used  a  culture  with  yolk  and  the  pH  had  not  been  brought  up 
to  8.0,  the  LD  was  significantly  higher  and  could  reach  1000-2000  microbial 
cells.  Freeze-aried  preparations  of  yolk  were  less  active:  the  LD  when 
these  preparations  were  used  was  between  3000  and  3500  microbial  cef?s. 

Control  suspensions  of  mucin  and  yolk  (not  containing  cholera  vibrions) 
introduced  intra— abdominally  did  not  cause  death  among  the  white  mice. 

When  we  tested  the  protective  activity  of  the  cholera  corpuscular  vaccine  using 
a  suspension  of  infectious  cultures  of  native  chicken  yolk  (pH  8.0)  as  a 
medium,  tjie  ED,.q  for  ghite  mice  given  preparations  of  different  series  ranged 
from  5*10  to  2.03*10  microbial  cells.  The  ED^Q  of  the  reference  vaccine  in 
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6  #6 

the  same  experiments  was  between  1.01*10  and  2.8*10  microbial  cells.  The 
coefficient  of  antigenicity  of  the  cholera  corpuscular  vaccine  ranged  between 
0.7  and  2.5;  that  is,  in  every  case  it  exceeded  the  minimum  indicators  outlined 
in  TU  42.14.  In  the  control  group  of  unvaccinated  animals  (10  mice)  when  the 
culture  was  introduced  in  doses  ranging  from  137  to  913  LD^q,  7-10  mice  died. 

The  ED_  for  the  cholerogen  anatoxin  of  various  series  when  immunized  animals 
were  infected  with  virulent  cultures  of  the  cholera  vibrion  suspended  in 
chicken  yolk  ranged  from  0.11  to  1.02  pg.  In  the  control  group  7-10  animals 
died. 

The  results  we  obtained  indicate  that  when  using  native  yolk  as  a  suspension 
medium  for  cholera  vibrions  for  the  purpose  of  infecting  white  mice,  indicators 
of  the  cultures'  virulence  and  the  immunogenic ity  of  the  cholera  vaccines  meet 
the  requirements  set  down  in  the  technical  specifications  for  the  cholera 
corpuscular  vaccine  and  cholerogen  anatoxin.  Native  chicken  yolk  and  the  mucin 
recommended  in  TU  42.14  are  equivalent  in  terms  of  their  ability  to  increase 
the  sensitivity  of  laboratory  animals  to  cholera  vibrions.  Therefore,  when 
determining  the  degree  of  virulence  of  cholera  vibrion  cultures  and  the 
protective  activity  of  cholera  vaccine,  native  chicken  yolk  can  be  used  as  a 
suspension  medium  after  its  pH  has  been  brought  up  to  8.0. 
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DETERMINING  EPIDEMIC  POTENTIAL  OF  A  NATURAL  NIDUS  SECTION 

?ofl?°W  MIKROBIOLOGI I ,  EPIDEMIOLOGII  I  IMMUNOBIOLOGII  in  Russian  No  11 

lyoj  pp  120-121  * 


[Article  by  N.  I.  Khot'ko,  Ye.  V.  Kuklev,  and  I.  S.  Soldatkin  (Saratov)] 

[Text]  The  method  that  we  developed  (Kuklev  et  al.,  1981)  for  making  a 
^antitative  evaluation  of  the  epidemic  potential  of  a  natural  plague  nidus  can 
also  be  applied  to  other  infections  that  have  natural  nidi.  It  is  based  on  3 
elements  that  determine  the  size  of  the  potential:  the  presence  and  extent  of 
epizootics,  the  degree  of  contact  between  the  human  population  and  the  natural 
nidus,  and  the  social  factor.  The  simplicity  of  the  evaluation  and  the 
substantial  reduction  m  subjectivity  it  provides  mean  that  this  method  can  be 
used  widely  in  epidemiological  mapping  of  natural  nidi  of  various  infections. 

n  order  to  do  this  one  must  obtain  a  description  of  quite  small  sections  of 
the  nidus  and  reflect  them  xn  the  map.  These  sections  can  be  divided  up 

according  to  some  formal  system  (such  as  a  grid  of  quadrants)  or  according  to 
some  independent  feature,  & 


Here  a  number  of  questions  arise  that  are  in  need  of  methodological  resolution. 
Below  we  discuss  the  primary  questions  involved. 

The  selection  of  the  size  of  the  section  and  the  method  for  separating  it  from 
the  rest  affects  both  methodology  and  the  practicality  of  carrying  it  out.  In 
our  opinion,  it  is  preferable  to  use  a  formal  division  of  the  territory.  It  is 
practical  to  used  20-kilometer  quadrants  in  a  grid  of  ''primary  regions"  when 
working  with  natural  plague  nidi  (Methodological  Recommendations  for 
Certification  of  Natural  Plague  Nidi  in  the  USSR,  Moscow,  1977).  These 
divisions  provide  sufficient  detail  and  availability  of  the  appropirate 
information  (at  least  for  the  majority  of  nidi  located  in  flat  areas). 

A  point-system  for  evaluating  the  presence  and  extent  of  epizootics  should 
include  the  factor  of  time.  The  evaluation  of  the  epidemic  potential  of  an 
entire  nidus  applies  to  a  certain  season,  since  it  takes  into  account  the 
epizootic  conditions  which  on  a  nidus-wide  scale  are  correct  only  for  a 
specific  season.  On  the  scale  of  an  individual  section  of  the  nidus, 

y/-!n-theu8*Cti?n  iS  8maU’  the  ePizootic  conditions  can  change  very 
apidly  and  it  is  obviously  necessary  to  take  into  account  the  duration  of  the 
epizootic.  Furthermore,  compilation  of  an  epidemiological  map  assumes  that 
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long-term  characteristics  of  the  sections  in  the  territory  are  fixed. 

Therefore,  an  evaluation  of  the  area  of  an  epizootic  is  at  some  point  in  time 
incorrect.  It  is  also  important  to  note  that  given  the  actual  intensity  of 
survey  work,  a  correct  evaluation  of  the  epizootic  conditions  can  be  given  only 
for  fairly  large  sections. 

Taking  all  this  into  account,  the  points  given  to  describe  the  intensity  of 
epizootic  conditions  should  be  determined  in  the  following  sequence.  First, 
using  the  body  of  data  from  several  previous  years,  one  should  determine  the 
average  incidence  of  epizootics  (and  assign  the  appropriate  number  of  points) 
in  a  section  that  includes  the  9-10  primary  regions.  In  natural  nidi  where 
epizootological  divisions  have  been  made,  this  section  is  usually  separated  as 
a  "landscape-ecological  region."  Then  each  primary  region  is  assigned  a 
certain  number  of  points.  The  basis  for  these  evaluations  is  not  direct  data 
on  epizootics  (on  the  scale  of  primary  regions  they  are  usually  not  complete 
enough),  but  rather  information  on  the  nature  of  populations  of  plague 
carriers,  their  size,  the  abundance  of  ectoparasites,  and  so  on.  The  final 
stage  is  the  control  stage — a  comparison  of  the  arithmetic  mean  of  the 
evaluations  of  individual  primary  regions  and  the  evaluation  of  the  entire 
territory  of  the  nidus.  When  there  are  discrepancies  the  appropriate 
corrections  are  made  in  the  evaluations  of  the  primary  regions. 

The  second  element  of  the  epidemic  potential  is  a  point-system  evaluation  of 
the  human  population's  contact  with  the  natural  nidus;  it  is  determined  for  a 
primary  region  using  the  same  methods  that  are  used  for  the  entire  nidus. 
However,  some  characteristics  that  depend  on  the  small  size  of  the  section 
being  evaluated  stand  out.  For  example,  it  becomes  necessary  to  calculate  the 
number  of  people  who  come  into  contact  with  the  nidus.  When  the  nidus  as  a 
whole  is  being  evaulated  this  factor  also  has  an  effect;  however,  it  is 
completely  acceptable  to  consider  the  size  of  the  population  as  a  constant 
value.  This  is  not  the  case  when  evaluating  a  section  of  the  nidus.  In  the 
first  place,  neighboring  sections  with  approximately  the  same  epizootological 
characteristics  may  have  significant  differences  in  terms  of  the  number  of 
people  coming  into  contact  with  the  nidus.  In  the  second  place,  conditions  may 
be  created  in  which  there  are  temporary  concentrations  of  people  in  certain 
sites  (such  as  seasonal  work).  When  the  seasonal  work  period  coincides  with 
the  time  at  which  the  nidus  is  activated,  the  degree  of  contact  naturally 
increases  significanty.  There  is  a  corresponding  increase  in  the  number  of 
points  given  to  that  particular  section.  Therefore,  determining  the  second 
element  of  the  epidemic  potential  of  a  section  of  the  nidus  requires  a  more 
detailed  examination  of  the  characteristics  of  the  population's  economic 
activities . 

The  third  element  of  the  epidemic  potential  describes  the  conditions  under 
which  the  infection  is  manifested  or  spread  among  humans.  The  social  factor  is 
not  uniform;  it  is  inaccurate  for  small  sections  and  it  must  be  averaged  for 
the  entire  nidus.  Furthermore,  the  importance  of  the  social  factor  should  be 
viewed  differently;  in  our  case,  it  should  be  considered  from  the  position  of 
the  present,  that  is,  taking  into  account  specific  manifestations  of  the 
epidemic  process  under  given  social  relations.  In  light  of  this,  it  is  clear . 
that  the  social  factor  is  a  value  that  changes  relatively  slowly;  therefore,  in 
compiling  an  epidemiological  map  it  is  wise  to  use  that  component  of  the  social 
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factor  that  can  play  a  decisive  role  in  spreading  infection,  and  can 
consequently  influence  the  number  of  points  given  to  that  element  in  particular 
and  to  the  epidemic  potential  as  a  whole.  When  medical  aspects  are  involved, 
for  example,  this  component  could  be  the  level  of  medical  service;  the  system 
of  preventive  measures;  the  results  of  epidemiological,  bacteriological,  and 
serological  research.  When  economic  aspects  are  being  considered,  this 
component  could  be  the  degree  and  character  of  the  territory's  development 
which  determine  the  ways  in  which  the  population  comes  into  contact  with 
natural  preconditions  of  infections,  and  so  forth. 

The  accumulation  of  additional  material  will  permit  us  to  determine  the 
characteristics  that  will  make  it  possible  to  move  from  a  general  certification 
evaluation  to  a  more  detailed  evaluation  of  the  social  factor. 

In  conclusion,  we  should  examine  one  more  aspect  of  the  question — the 
relationship  between  the  epidemic  potential  of  an  entire  nidus  and  the 
evaluations  of  the  epidemic  potential  of  individual  sections.  In  spite  of  the 
fundamental  similarity  among  these  characteristics,  we  cannot  require  that  one 
description  be  translated  into  the  other  because  of  a  number  of  logical  and 
mathematical  considerations.  This  requirement  is  fair  with  regard  to 
individual  elements  of  the  epidemic  potential;  but  an  average  of  the  products 
of  the  points  describing  each  section  does  not  necessarily  correspond  to  the 
product  of  the  averaged  points.  The  logical  aspect  of  the  incomplete 
compatibility  of  these  concepts  lies  in  the  fact  the  evaluations  of  the 
epidemic  potential  of  an  entire  nidus  and  of  its  individual  sections  are  made 
for  different  reasons. 

Epidemiological  mapping  taking  into  account  the  epidemic  potential  of  natural 
nidi  of  infections  and  their  sections  will  make  it  possible  to  evaluate  and 
predict  the  danger  of  epidemics  and  to  divide  a  territory  up  into 
epidemiological  regions.  The  accumulation  and  generalization  of  materials 
are  not  only  important  stages  in  planning  further  scientific  studies,  they  also 
make  it  possible  through  purposeful  and  economical  implementation  of  preventive 
measures  to  arrive  at  a  theoretical  and  practical  program  for  making  radical 
improvements  in  natural  nidi  (as  sections  of  a  locality)  by  transforming  them 
and  cultivating  them. 
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